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ABSTRACT 
l u r i n g the p r e s e n t i n v e s t i g a t i o n which was c a r r i e d out 
fo r two yea r s from October 1972 to October 1974, some a s p e c t s 
of t he "biology of Labeo "bata (Ham.) and La"beo gonius (Ham.) l i k e , 
morphometry, l eng th -we igh t r e l a t i o n s h i p s , cond i t ion f a c t o r , age 
and growth, food and feeding h a b i t s and r ep roduc t ion of t h e s e 
two spec ie s i n r i v e r K a l i , vdiich i s a major source of f i s h supply 
a t A l iga rh , were s t ud i ed . 
For morphometric s t u d i e s , the samples were c o l l e c t e d 
from two d i f f e r e n t environments , the r i v e r Kal i and a pond Cihau 
Ta l . The c h a r a c t e r s s e l e c t e d for the s tudy were t o t a l l e n g t h , 
s t andard l e n g t h , head l e n g t h , body l e n g t h , depth a t p e c t o r a l f i n 
b a s e , depth a t dorsa l f i n base and depth of the caudal pedunc le . 
The r e g r e s s i o n s of d i f f e r e n t body measurements on t o t a l l e n g t h 
were c a r r i e d out and a l i n e a r r e l a t i o n s h i p was n o t e d i n the f i s h e s 
of both the environments. The v a r i o u s body p r o p o r t i o n s expressed 
a s p e r r c e n t of t o t a l l e n g t h r e v e a l e d t h a t c h a r a c t e r s a s s o c i a t e d 
with l e n g t h were h i ^ e r i n case of pond f i s h e s whi le c h a r a c t e r s 
a s s o c i a t e d with depth were h i g h e r i n r i v e r i n e f i s h e s than t h e 
pond f i s h e s . However, t h e d i f f e r e n c e s between t h e f i s h e s of 
d i f f e r e n t y e a r s or sexes were n o t s t a t i s t i c a l l y s i g n i f i c a n t . 
The study of l e n g t h - w e i ^ t r e l a t i o n s h i p of t h e s e two 
s p e c i e s r evea l ed t h a t t h i s f i s h d id n o t follow the cube law 
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s t r i c t l y and the w e i ^ t increase a t a r a t e more than the 
cuhe of the length . No s igni f icant difference was noted in 
the value of *n* "by the ana lys i s of covariance "between the 
f ishes of different s ize , sex and maturi ty stages in a population. 
The equation for length-weight r e la t ionsh ip for I . hata and 
L- gonius are W = 0.4893 x lO'^L^*''^^'^ (combined fishes) and 
W = 0.1512 X 10"^!^^^"^ (combined f ishes) respec t ive ly . The 
two length-weight curves of males and females i n t e r sec t ed a t a 
point "between 250 mm and 270 mm in L. "bata while 245 mm and 
265 mm in L. ^onius. 5!his point of i n t e r - s e c t i o n represents the 
size a t f i r s t maturity of the f i shes . 
The r e l a t i v e condition fac tor *Kn* was studied in d i f ferent 
size groups, different maturi ty s tages and during di f ferent months. 
The *Kn* value was h i ^ in smaller s ize groups, thereaifter, the 
value decreased and increased several t imes. The f i shes were found 
to a t t a i n peak condition 3 times up to the length group of 450 mm 
in both the species. These peaks ind ica te the number of spawnings 
upto the length . Seasonal f luc tua t ions in the condition a re due 
to f luctuat ion in the gonad w e i ^ t . H i ^ values coincide with 
the breeding season. 
Age and growth of L. bata and L. gonius was studied by 
the ana lys i s of scales and length frequency d i s t r i bu t i on . Scale 
pa t t e rn of these f ishes shows the growth check in the form of 
carved out spaces in c i r c u l i . These c i r c u l i a re annular in na tu re . 
1 . bata was found to a t t a i n a length of 131 mm, 194 mm, 236 mm. 
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314 mm, 341 mm, and 364 mm a-b -&,e end of 1 s t , 2nd, 3rd, 4iii, 5lii, 
6-th and 71ii year of l i f e respec t ive ly while L. gonias a t t a ined 
an average lengths of 142 mm, 206 mm, 239 mm, 264 mm, 285 mm and 
300 mm a t the end of 1 s t , 2ad, 3rd, 4 th , 5th and 6th years 
respec t ive ly . Increase in length of the scale was observed to 
bear a constant r a t i o to the increase in length of the f ish and 
regress ion analys is yielded a s t r a igh t l i n e re la t ionsh ip between 
the scale and body length. The calculated values could be 
expressed as I = -2.534 + 0.064 X in L. bat a and y = -1.2127 + 
1.0850 X in L. gonius. 
•Ehe growth r a t e of the f i shes was found to be h i ^ daring 
1s t and 2nd years of l i f e a f t e r which the r a t e decreased gradually 
up to the h i ^ e r age groups. Both sexes showed a similar growth 
r a t e and a t t a ined a similar longevi ty . 
Oie Von Bertalanffy* s growth equation was found to desciribe 
adequately the actual growth of the species and could be expressed 
as Lt = 450 (1-e"^*^''^^^"*^ "^  0.5963)^ ^^^ j^^ bata and Lt = 449 
d-e '^ '^^^^"*^ "^  0.6940)^ for L. gonius. Seasonal growth curve 
was chief ly influenced by feeding i n t e n s i t y in the f i shes of 
f i r s t year -c lass viiile in adu l t f i shes the seasonal growth curve 
was affected by feeding i n t e n s i t y as well as maturation of gonads. 
!Ehese f i shes feed mainly on phytoplanktonic organisms. 
Diatoms, greea algae, blue green a lgae , desmids, phy tof lage l la tes , 
a lga l spores and zygotes and decayed organic matter were the main 
food items present in the gut. The stomacb of a l l the f i shes 
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contained sand p a r t i c l e s viiiich. were ingested T^ile feeding a t 
bottom. 
Ttie i n t e n s i t y of feeding was found to "be maximum during 
post monsoon (6c t . and Hov.) and winter months (Dee. to Feb.) 
and low during post winter (March and Apr i l ) , summer (May and 
June) and monsoon months ( Ju ly and August). The increased 
feeding i n t e n s i t y in winter correspond to a period of a lga l 
blooms in the water. During ra iny season, the r i ve r ge t s 
flooded and contains l e s s amount of food and t h i s appears to 
influence the feeding i n t e n s i t y . Besides, the maturation of 
gonads was a lso found influencing the feeding i n t e n s i t y . No 
difference was noted between the food of males and females. 
L. bata was de f in i t e ly se lec t ive in feeding as the 
f inger l ings ^owed a pos i t ive se lec t ion for a l l the zooplanktonic 
organisms while the adul t showed a negative select ion for a l l 
the zooplanktons and a pos i t i ve se lec t ion for a l l the phyto-
plahktonic organisms. 
Sex r a t i o , size and age a t f i r s t maturi ty, maturation and 
spawning, breeding season and fecundity of L. bata and L. gonius 
were inves t iga ted . The population of these f i shes showed a males 
female sex r a t i o V-1.42 (L. bata) and 1*. 1.86 (L. gonius)» Males 
of L. bata matured a t length of 180 mm and females a t 190 mm 
•vdiile the males of L. gonius matured a t the length of 170 mm 
vdiile females matured a t 180 mm. 
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Spawning occurs during July and August, the period of 
maximum prec ip i t a t i on and uniformity h i ^ temperature. Each 
individual contained only one stock of oocytes and spawned only 
once in a breeding season. Individual fecundity var ied from 
10,040 to 70,000 Arfith an average of 192,785. Fecundity was found 
to be more c losely r e l a t ed to ovary or body w e i ^ t than l eng th . 
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GMERAIi INTROIiUCTION 
F i shes have g r e a t s i g n i f i c a n c e i n i±Le l i f e of mankind, 
be ing an impor tan t source of p r o t e i n food. I n I n d i a f i s h e r y 
r e sea rch i s r e l a t i v e l y a young sc ience and i t s development i s 
one of the r e c e n t s c i e n t i f i c a c t i v i t i e s i n t h i s count ry . 
F i she ry developmental r e sea rch was o r i g i n a l l y s t a r t e d a s an 
experiment i n Bengal and Kera la d u r i n g / e a r l y p a r t of t h i s 
cen tury . Af ter the second world war when t h e country suf fe red 
an a c u t e food sho r t age , t he s i g n i f i c a n c e of f i s h e r y sc ience 
became obvious and many s t a t e s then began to o rgan i se t h e i r 
own depar tments . 
A review of the l i t e r a t u r e r e v e a l s t h a t most of t h e 
e a r l i e r workers confined t h e i r s t u d i e s on t h e marine food f i s h e s 
a s these f i s h e s c o n t r i b u t e a major p o r t i o n of the t o t a l f i s h 
p roduc t ion of t h e count ry . Notable examples a r e those of 
sa rd ine ( H o m e l l and Naidu, 1924; Devanesan, 1932; Chidambaram, 
1950; Na i r , 1951; Vijayaraghavan, 1955 and 1955; Ganapat i and 
S r i n i v a s a r a o , 1957; Dhulkhed, 1962 and 1964; Radhakrishnan, 1964 
and Kagwade, 1964), mackere l s (Devanesan and John, 1940; 
Bhimachar and George, 1952; Pradhan, 1956; Ba lak r i shnan , 1957; 
RadhakrishnaJi, 1962 and 1964; George and Baner jee , 1964 and 
Rao, 1964), see r f i s h ( V i j a y a r a ^ a v a n , 1955; Kr ishnamoor th i , 
1958), r ibbon f i s h (Pradhan, 1955), Bombay duck (Bapat ^ a l . 
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1951), malaMr sole (Seshappa and BMmachar, 1954 and 1955), 
thread fin (Johaniaed, 1955 and Nayak, I960) and ghol (Rao, 
1963)* 
Duilng recent years, many important publ ica t ions on tlie 
biology of estu^ine f ishes have a lso appeared. The works on 
a/ 
estu^ine f ishes include the contr ibut ions of Jacot (1920), 
P i l l a y (1954), Sarojini (1957 and 1958) and Luther (1963) on 
mul le ts and Chacko jet a l . (1948), Seshappa and Bhimachar (1951), 
Sujansin^ani (1957), P i l l a y (1958) and liathur (1964) on h i l s a . 
1/Jhile considerable a t t en t ion has been given to the 
management of f i shes for increas ing food production in India 
during the l a s t two decades, i t i s surpr i s ing tha t the informa-
t ion on the biology of freshwater f i shes , which are valuable 
cul ture species, i s meagre. Raj (1951) gave a generalised 
account of the fr^shviater f i shes of Ind ia . Prel iminary s tudies 
on the breeding h a b i t s of the food f ishes of Punjab and Bengal 
have been made by Khan, 1924, 1942; Hora, 1945; Mookerjee and 
Ghosh, 1945. The l a rva l stages and l i f e h i s t o r i e s of some 
f ishes have a lso been described (Alikunhi and Rao, 1947; Alikunhi, 
1953, 1956 and Saigal, 1964). However, considerable a t t en t ion 
has been given to the induced breeding of major carps and 
valuable informations have been made ava i l ab le (Khan, 1942; 
Mazumdar, 1945; Hookerjee, 1945; Alikunhi, 1953 and 1956; 
Chaiudhury and Alikunhi, 1957). The technique of breeding of 
Indian carps by hypophysation has been reviewed by Alikunhi e t a l . 
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( I960) , Chaudhuri (i960 and 1963), l>as and Khan (1962), 
Bhimachar and Tripa1±Li ( 1967) , Jhingran ( 1969) , (Jhondar ( 1970) , 
Shehadeh ( 1970) and Tripaiiii and Bhimachar (1972). 
Recently some aspects of the hiology of few freshwater 
f ishes have been reported. The age and growth of Girrhina 
m r i ^ l a has "been studied in de t a i l (Jhingran, 1957 and 1959 
and Kamal, 1969). Natarajan and Jhingran (1963) made a de ta i led 
study on the age and grov'jth of Gatla ca t l a . The age and growth 
of Setipinna phasa (Jhingran, 1961) has a lso been reported. 
Keeping in view the general pauci ty of information on 
the biology of important freshwater food f i shes , at tempts have 
been made a t Aligarh to study liie biology of f ishes of the 
region. Some notable publ ica t ions have already appeared on the 
biology of Ophicephalus punctatus, Barbus s t iana and Gallichrous 
bimaculatus (Qayyum and Qasim, 1964a, 1964b, 1964c). The spawn-
ing frequency and the extent of breeding seasons of a number of 
f ish species and the fecundity of these f i shes has been reported 
by Qasim and Qayyum (196I and 1963). Khan (1972) studied in 
de ta i l the biology of Labeo roh i t a and Girrhina mrigala from 
different waters of Aligarh. In the same continuation the 
biology of two more important carps, Labeo bata (Ham.) and Labeo 
gonius (Ham.) has been inves t iga ted and reported here . 
During the present inves t iga t ion which was car r ied out 
for two years from October 1972 to October 1974, some aspec ts 
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l i k e , morphometry, lengiii weight r e l a t ionsh ip , condition, age 
and growth, food and feeding h a b i t s and reproduction of these 
two species were studied and the same are reported here in the 
foiTO of -liiis t h e s i s . 
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LABEO BATA: 
Common name! Dunguda-porah, Dommarci-batta, &oo te l l ah , 
Bango T c h i r r i and Ba ta . 
S a l i e n t fea tures? Body oblong, modera te ly compressed, snout 
b l u n t , l i p s t h i n and con t inuous , lower l i p with shallow groove 
a long t h e i r edge. Lower jaw with a t u b e r c l e on the i n n e r s i d e . 
A p a i r of ve ry shor t m a x i l l a r y b a r b e l s a r e p r e s e n t . Upper edge 
of do r sa l f i n concave. L a t e r a l l i n e s c a l e s 37 to 40 . Llaximum 
l e n g t h i s n e a r l y two f e e t . Lower f i n orange. All f i n s a r e 
with f i n e b lade s p o t s . Coloura t ion va ry ing with age ( P l a t e A) . 
Geographical d i s t r i b u t i o n : Pound i n freshv/ater r i v e r s and 
la lces . D i s t r i b u t e d t h r o u ^ o u t For th I n d i a and up to K i s tna and 
Godavery r i v e r s (Ifey, 1878) i n the South. 
LABEO GONIUS: 
Common name: Cursua, Kurch i , Khursa, Goni, Bahtoor . 
S a l i e n t f e a t u r e s : Body oblong, modera te ly compressed, mouth 
r a t h e r narrow, i t s width equa l ly 3^ i n the l e n g t h of t h e head , 
no l a t e r a l l o b e s but numerous p o r e s a r e p r e s e n t on t h e snout . 
L i p s th i ck and with d i s t i n c t i n n e r f o ld i n t h e i r e n t i r e circum-
ference both of which a r e f r i nged . Liinute r o s t r a l and m a x i l l a r y 
b a r b e l s a r e p r e s e n t . The dorsa l p r o f i l e i s more convex than 
t h a t of abdomen. L a t e r a l l i n e s c a l e s from "jLj. t o 8^ . A t t a i n s 
a maximum l e n g t h of n e a r l y 5 f t . The colour of body i s g reen i sh 
- 8 -
along the back:, laecoEiing l i g h t e r on the s ides , scale daikest 
a t t h e i r margins, having red lunules on them (Day, 1878). 
Black longi tudinal bands extend from the an t e r i o r end to the 
pos te r io r end (P la te B) . 
G-eographical d i s t r ibu t ion : Pound in freshwater r i v e r s and 
l akes , d i s t r ibu ted t h r o u ^ o u t Northern and V/estem Provinces, 
Bengal and Orissa to Ganjam, a s low as the Kistna, Assam, Burma 
and Pakistan (Day, 1878). 
PLATE A. Labeo T3ata (Hamilton) 
Sh.ovri.ng d i f f e r e n t body mcasaranentc u sed i n 
noiphometr ic s t u d i e s . 
T.L. = To ta l l eng th 
S.L. = Standard l e n g t h 
B.L. = Body l eng th 
D.r . = Depth through p e c t o r a l f i n "base 
D.D. = Depth through dorsa l f i n "base 
D.C. = Depth of the caudal pedunc le 
PLATE B. Labeo gon ius (Hani l ton) 
PLATE 1 
LABEO BATA (HAM.) 
PLATE 2 
LABEO GONIUS (HAM.) 
PAST I 
THE BIOLOGY OP LABEO BATA (HAII.) 
CHAPTER I 
MOIJPHCIJIETEIC STUDIES 
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Pi shes of d i f f e r e n t stocksf r a c e s or p o p u l a t i o n s show 
s l i ^ t Tjut s i g n i f i c a n t changes i n t h e i r morphometric measure-
ments . These d i f f e r e n c e s i n a p a r t i c u l a r c h a i ^ c t e r of a 
popu l a t i on or stock can n o t he judged e a s i l y and hence s t a t i s -
t i c a l methods a r e employed to t e s t the s i g n i f i c a n c e of t h e s e 
d i f f e r e n c e s . 
I n the p r e s e n t study a t t e m p t s have been made to e s t a b l i s h 
a r e l a t i o n s h i p between v a r i o u s body measurements to t o t a l l e n g t h 
of Labeo b a t a (Ham.) c o l l e c t e d from d i f f e r e n t environments and 
the a p p l i c a t i o n of covar iance a n a l y s i s to t e s t t h e s i g n i f i c a n c e 
of d i f f e r e n c e s betv/een the p o p u l a t i o n s . 
MATERIALS mD METHODS 
The samples for morphometric s t u d i e s were ob ta ined from 
two environments , the E iver K a l i and a pond Ghau Ta l , The 
f i s h e s of d i f f e r e n t environments were measured to t h e n e a r e s t 
mm smd t h e fo l lowing body p r o p o r t i o n s were s e l e c t e d ( P l a t e A). 
1, Tota l l e n g t h : From the t i p of the snout to t h e t i p of t h e 
l o n g e s t f i n ray of caudal f in ( T . L . ) . 
2. Standard l e n g t h ; From the t i p of the snout to the end of 
cpudal peduncle ( S . L . ) . 
^* Head l e n g t h : From the t i p of the snout to the most p o s t e r i o r 
margins of sub-operc le ( H . L . ) . 
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4 . Body len/^th: Prom the p o s t e r i o r p a r t of the margin of 
sub-operc le to the deepes t zone of caudal peduncle ( B . L . ) . 
1?. Depth through p e c t o r a l f i n "base? Depth of the body a t t h e 
o r i g i n of p e c t o r a l f i n ( D . P . ) . 
6, Depth t h r o u ^ dorsa l f i n "bases Depth of the body a t t he 
o r i g i n of the dorsa l f i n ( D . D . ) . 
7. Depth of the caudal peduncle- The depth a t the deepes t zone 
of caudal peduncle (D. C ) . 
The t o t a l l eng th of each specimen was used a s a b a s i s of 
r e f e r e n c e for a l l o the r measurements ( Carlander and a n i t h , 1945; 
H i l e , 1948). A l i n e a r r e g r e s s i o n of v a r i o u s body p r o p o r t i o n s 
a g a i n s t t o t a l l e n g t h was c a r r i e d out by t h e l e a s t squares metliod. 
The measurements of a l l the c h a r a c t e r s were expressed a s p e r c e n t 
of t o t a l l e n g t h . To determine the s i g n i f i c a n c e of d i f f e rences* 
t h e r e g r e s s i o n of v a r i o u s body c h a r a c t e r s on t o t a l l e n g t h of 
d i f f e r e n t groups were compared by u s i n g the covar iance t echn iques 
(Mather, 1964). 
RBaULT3 
The r e g r e s s i o n a n a l y s i s of d i f f e r e n t measurements on 
t o t a l l e n g t h and t h e i r s i g n i f i c a n c e h a s been t a b u l a t e d i n 
Tables 1, 2, '^  and 4 . A s t r a i ^ t l i n e r e l a t i o n s h i p was ob ta ined 
i n each case ( F i g s . 1 & •^ ) , The r e g r e s s i o n equa t ions d e s c r i b i n g 
t l iese r e l a t i o n s h i p s a r e given i n Tables 2 and 4 . The mean 
r e l a t i v e measurements of d i f f e r e n t body c h a r a c t e r s expressed a s 
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p e r c e n t of t o t a l l e n g t h a long with t h e i r range and s tandard 
dev i a t i on a r e p l o t t e d i n P i g . 2 ( r i v e r i n e f i s h e s ) and P ig . 4 
( Ghau Tal f i she s) . 
The mean s tandard l e n g t h , mean head l e n g t h and mean 
body l e n g t h of the f i s h e s of r i v e r Ka l i were 82.73'/^, l6.6lfo 
and 65.79% of the t o t a l l e n g t h r e s p e c t i v e l y , v h i l e t h e mean 
l e n g t h s of these c h a r a c t e r s i n case of Chau Tal f i s h e s were 
84.7155, 14.95^ and 6 6 . 1 1 ^ r e s p e c t i v e l y . The head lengt l i and 
s t andard l e n g t h of the p o p u l a t i o n s ( r i v e r and Chau Tal) a r e 
s i g n i f i c a n t l y d i f f e r e n t from the body l e n g t h (Tab les 2 and 4 ) . 
I n case of depth measurements i t was found t h a t the 
depths a t caudal pedunc les of f i s h e s from two environments were 
s i g n i f i c a n t l y d i f f e r e n t (Tab l e s 2 and 4 ) . Body depth a t t h e 
p e c t o r a l f i n base a l s o v a r i e d i n f i s h e s from the tv/o envi ron-
ments . Other measurements of the body did no t shov; any s i g n i -
f i c a n t v a r i a t i o n s (Tab les 2 and 4 ) . 
DISCUSSION 
I n Labeo ba ta i t was found t h a t i n f i s h e s above 190 mm, 
the r e g r e s s i o n l i n e s of d i f f e r e n t body measurements on t o t a l 
l e n g t h s were almost l i n e a r , i n d i c a t i n g t h a t the grovjth of the 
f i s h above 190 mm leng th was i s o m e t r i c . Hov/ever, such l i n e a r 
r e l a t i o n s h i p s between v a r i o u s body measurements and t o t a l l e n g t h s 
were n o t observed by some v/oikers (G-odsil, 1948 and Llarr, 1955). 
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They reported tha t the r a t i o "between var ious body p a r t s vdth 
increas ing length a t d i f ferent stages of l i f e may not he having 
constant r e l a t i v e growth. The f ishes of pond increased in 
length more rapidly than in the depth while the f i shes of r i v e r s 
increased in depth more rap id ly than the length. This was 
further confirmed by analysing the length: v/eight data "of the 
same fish (Chapter I I ) . None of the hody characters shov/ed any 
difference hetv;een the sexes of L. bat a in any of the two 
environments. This shows tha t in "both the sexes the r e l a t i v e 
grov/th of the "body p a r t s \^ ra.s constant. However, P r i t cha rd (1931) 
and Tandon (1961) reported different r a t i o s between various body 
p a r t s and t o t a l length of males and females. A remarkable 
s t a b i l i t y of different morphometric characters was found by 
Khan (1972) in L. roh i ta which were col lected from different 
environments and belonged to different age groups; 
The s igni f icant difference in some morphometric characters 
between r i v e r and pond f i shes , strongly suggests tha t these 
f i shes belong to two di f ferent independent stocks. Such va r i a t ions 
in the morphometric characters of the f ishes of two populations 
a re due to modificational e f fec ts of the environment or due to 
genetic effect (ICrumholz and Cavanah, 1968). The f i shes of pond 
adapted from the very beginning to confined water, while the 
r i v e r i n e f ishes enjoyed a wide d i s t r ibu t ion . Another reason 
for the differences which can be ,jiven i s that most of the f ishes 
stocl:ed in pond Chau Tal were induced spawned while the f ishes 
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of r i v e r s were obviously n a t u r a l l y spavmed. Thus the d i f f e r e n c e s 
between the two p o p u l a t i o n s of L. b a t a may be r e l a t e d to t h e s e 
two f a c t o r s a s we l l . 
SUI.MARY 
The samples were c o l l e c t e d from-.the r i v e r Ka l i and a 
pond Chau Tal for the morphometric s t u d i e s . The c h a r a c t e r s 
s e l e c t e d for the study v/ere t o t a l l e n g t h , s t anda rd l e n g t h , head 
l e n g t h , body l e n g t h , depth a t p e c t o r a l f i n b a s e , depth a t d o r s a l 
f i n base and depth of caudal pedunc le . The r e g r e s s i o n s of 
d i f f e r e n t body measurements on t o t a l l e n g t h were c a r r i e d out and 
a l i n e a r r e l a t i o n s h i p was n o t e d i n the f i s h e s of both the 
environments . The v a r i o u s body p r o p o r t i o n s expressed a s p e r c e n t 
of t o t a l l e n g t h r evea l ed t h a t depth of caudal pedunc le , depth 
a t dorsa l f in base and head l e n g t h were more s i g n i f i c a n t l y 
d i f f e r e n t betv/een the f i s h e s of pond and r i v e r s than o t h e r 
c h a r a c t e r s . The covar iance a n a l y s i s r e v e a l e d no s i g n i f i c a n t 
d i f f e r e n c e between the two sexes . 
Fig. 1. Regressions of d i f ferent body measurements on 
t o t a l length of 1 . "bata ( r ive r ine f i shes ) . 
Fig. 2. Different "body measurements expressed as per-
centage of t o t a l length ( r ive r ine f i shes ) . 
(The centiBl v e r t i c a l l i n e s represents 
the mean, hor izonta l l i n e range, box of 
g rea te r v e r t i c a l width _+ twice the 
standard er ror and box of smaller v e r t i c a l 
vddth half the standard deviat ion) . 
TD to so 100 
KKCHTMC or TDUl LCHtlH 
Pig. 3. RegresGions of d i f ferent body measurements on 
t o t a l length of L. Taata (Chau Tal f i shes ) . 
Fig. 4 . Different hody neasurenients expressed as per-
centage of t o t a l length (Chau Tal f i shes ) . 
(The ccaitral ver t ics . l l i n e s represents 
the mean, hor izonta l l i n e range, box of 
g rea te r v e r t i c a l vddth + tvdce the 
standard er ror and box of smaller v e r t i -
cal width ha l f the standard devia t ion) . 
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PERCENTAGC OF TOTALlENGTH 
TABLE 1 
STA'TisTiGs C-'' ii joiijibbic:: o? DIP?JLI3I:T BODY ::IL4SUR-KIIITTS OI: TOTAL L^XGTH OP L . BATA 
(EiVSEillTE PISHES) 
Character Regression S. S. due to Residual 
coeff ic ient regression S.S. 
D.P. 
Standard length 
Head length 
Body length 
Depth through pectora l f in hase 
Depth through dorsal f in base 
Depth of the caudal peduncle 
Standard length 
Head length 
Body length 
Depth through pec to ia l f in base 
Depth through dorsal f in base 
Depth of the cauds,l peduncle 
Standard length 
Head length 
Body length 
Depth through pectora l f in base 
Depth through dorsal f in base 
Depth of the caudal peduncle 
H A L E 
0.793 
0.101 
0.738 
0.144 
0.603 
0.114 
P B LI A L B 
0.730 
0.193 
0.663 
0.206 
0.289 
0.122 
G 0 LI B I H E D 
0.770 
0.272 
0.005 
0.209 
0.446 
0.354 
708.287 
274.271 
598.233 
825.154 
794.169 
657.982 
4924.975 
708.134 
775.966 
567.811 
531.505 
656.625 
1273.931 
879.789 
220.075 
68.319 
91.784 
190.820 
52.315 
19.821 
16.237 
64.550 
33.565 
10.262 
56.451 
18.918 
22.701 
18.862 
17.443 
10.767 
24.254 
24.293 
24.359 
24.375 
27.493 
24.191 
120 
120 
120 
120 
120 
120 
178 
178 
178 
178 
178 
178 
298 
298 
298 
298 
298 
298 
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CHi\PT3R I I 
LENGTH-VJBIGHT RELATI ON SHIP S 
14 -
IIITKODUCglON 
The a p p l i c a t i o n of l eng th -we igh t r e l a t i o n s h i p i n f ishery-
b io logy , so lves v a r i o u s problems conce iv ing v/ith t h e l i f e h i s t o r y 
of f i s h e s . Bes ides p r o v i d i n g a ma thana t i ca l r e l a t i o n s h i p 
between l e n g t h and w e i ^ t of f i s h a s a means of i n t e r c o n v e r s i o n , 
such r e l a t i o n s h i p a l s o y i e l d s in format ion on genera l well b e i n g 
of t h e f i s h , v a r i a t i o n s i n growth, s i z e a t f i r s t maturi ty^ gonad 
development and b reed ing season. 
Length-weight r e l a t i o n s h i p s of many I n d i a n major ca rps 
have been r e p o r t e d . Khan and Hussain (1941) made a p r e l i m i n a r y 
study on the l eng th -we igh t r e l a t i o n s h i p of Labeo r o h i t a and 
Gi r rh ina mr i^a l a and Jh ing ran (1952) gave a genei^al account on 
l eng th -we igh t r e l a t i o n s h i p of major c a r p s . Na ta ra j an and 
Jh ing ran (1963) have s t ud i ed i n d e t a i l , t he l e n g t h - w e i g h t 
r e l a t i o n s h i p of Gatla c a t l a and Khan (1972) made a d e t a i l e d 
i n v e s t i g a t i o n on the l eng th -we igh t r e l a t i o n s h i p of L. r o h i t a 
and ^ , mr 1,53,1 a from North I n d i a . 
The p r e s e n t study r e p o r t s the l e n g t h - w e i g h t r e l a t i o n s h i p 
of L. ba t a from the r i v e r K a l i . 
MATERIALS AHD METHODS 
Samples fo r l e n g t h - w e i g h t s t u d i e s were c o l l e c t e d from 
t h e r i v e r Ka l i u s i n g c a s t n e t s . A t o t a l of 324 f i s h belonging 
to a l l s i z e c l a s s e s were ana lysed . Tota l l e n g t h of each f i s h 
lb -
was recorded t o -the n e a r e s t mm and w e i r e d u p t o 0 .1 g. The 
f i s h v;ere sexed and t h e i r s t a t e of m a t u r i t y a s s e s s e d acco rd ing 
t o tlie schone followed by C^yyum and Qasim (1964 ) . 
The lengt l i -weight data was ana lysed acco rd ing to LeCren 
(1951) . 
F i shes were ana lysed i n t o s eve ra l groups , namely, 
j u v e n i l e s , ma les , females , g u t t e d f i s h e s and f i s h e s of f i v e 
d i f f e r e n t m a t u r i t y s t a g e s and t r e a t e d s e p a r a t e l y . Values of 
l e n g t h and weight data were p l o t t e d on a double l o g a r i t h m i c 
paper and the r e g r e s s i o n of l og l e n g t h was c a l c u l a t e d by t h e 
l e a s t squares method. 
The equat ion log W = l o g a + n l o g L was c a l c u l a t e d 
s e p a r a t e l y for each group and a s t r a i g h t l i n e was f i t t e d to 
t h e s c a t t e r diagram. The weight of f i s h a t each l e n g t h i n t e r v a l 
was c a l c u l a t e d by t h e equat ion and a l eng th -we igh t curve was 
p l o t t e d . 
To e s t a b l i s h d i f f e r e n c e s , i f any, i n t h e r e g r e s s i o n of 
l o g weight on log l e n g t h of the f i s h of d i f f e r e n t groups , 
covar iance a n a l y s i s was employed (Mather, 1964). 
RESULTS 
A summary of tlie r e g r e s s i o n a n a l y s i s of l eng th -we igh t 
r e l a t i o n s h i p a long with t h e t e s t of s i g n i f i c a n c e i s given i n 
- 16 
Table 5 . Table 6 shows iiie a n a l y s i s of v a r i a n c e fo r t h e da ta 
of Table 5 . *n' v a l u e s were found to d i f f e r from one group to 
o t h e r and ranged from 2.5!?13 ( g u t t e d females) to 3.2026 ( r i p e 
females) and 2.6898 ( g u t t e d males) to 3.3109 ( r i p e m a l e s ) . The 
v a l u e of *n* was h i g h e s t (3.3832) i n j u v e n i l e s and lowes t i n 
females ( 3 . 2 0 2 6 ) . I t was s i g n i f i c a n t to n o t e t h a t *n* v a l u e s 
c a l c u l a t e d a t 9^% confidence i n t e r v a l s fo r male , female and 
j u v e n i l e were always h i ^ e r than 3 (Table 7 ) . 
The l eng th -we igh t r e l a t i o n s h i p s of ma les , females and 
j u v e n i l e s a r e p r e s e n t e d i n Table 7 and P ig . 5 . F igure 6 shows 
t h e l eng th -we igh t r e l a t i o n s h i p of combined f i s h e s . The smooth 
curve r e p r e s e n t s the c a l c u l a t e d w e i ^ t a t each l e n g t h i n t e r v a l 
whi le t h e s t r a i g h t l i n e r e p r e s e n t s the c a l c u l a t e d r e g r e s s i o n 
l i n e . Average v/eight a t d i f f e r e n t l e n g t h i n t e r v a l s a r e t a b u l a t e d 
i n Table 8. I t may be seen t h a t the i n c r e a s e i n weight i n 
r e l a t i o n to l e n g t h was n o t wel l marked up to 150 mm but was wel l 
a p p r e c i a b l e above 200 mm. Females were found to be l i f t e r than 
males up to the l e n g t h of 2b0 mm whi le the males were l i g h t e r 
than females a t h ighe r l e n g t h s and the l eng th -we igh t curves of 
t h e two sexes i n t e r s e c t e d a t a p o i n t between 250 mm and 270 mm. 
DISCUSSION 
For L. ba t a the va lues ^of s lope 'n* were always found 
to be h ighe r than 3 and s i g n i f i c a n t l y d i f f e r e n t . Hence t h e 
l eng th -we igh t r e l a t i o n s h i p did no t fol low t h e cube law s t r i c t l y . 
- 17 -
I t i s quite c lear from the r e s u l t s tha t the weight of f i shes 
increased more than the cube of the length. In other carps 
h i ^ e r values of 'n* than 3 have a lso been repor ted . Natarajan 
and Jhingran (1963) observed a value of 3.2328 in case of Catla 
ca t l a while Jhingran (1952) reported a value of 3.221 in 
CiriJiina mrigala. Ghakrabarty and S i n ^ (1963) a l so observed 
tha t the value of *n* was considerably h i ^ e r than 3 in Cirrhina 
mrigala. These authors have considered t o t a l length as a para-
meter in ca lcu la t ing the value of ' n ' while Jhingran (1952) in 
studying the length-weight re la t ionsh ip of major carps, used 
furcal length as a parameter and calculated the value of *n* as 
3.15172, 3.02483 and 3.01460 in case of _C. mrigala, G. ca t la 
and 1 . roh i ta respec t ive ly . His observation showed tha t the 
departure from 3 was l e a s t in case of L. roh i t a and was not 
s ign i f i can t . Khan (1972) a lso observed the value of *n* as 
3.0592 and 3.0520 in case of L. rohi ta and jG. mrigala respec-
t i v e l y . Recently, Ramamohana Eao and Hanumantha Eao (1972) 
observed the value of *n' a s 3.1858 in case of Labeo calbasu 
and Bhatna,3ar (1972) reported the value of *n* in Labeo 
fimbriatus as 3.0802. These inves t iga t ions show tha t the 
value of *n* was always higher than 3 in case of carps. The 
present study also revea l s a c lear departure from 3. 
Jhingran (1952) in L. rohi ta and IChan (1972) in L. roh i t a 
and 0. mrigala found an i n t e r e s t i n g re la t ionsh ip between observed 
and calculated w e i ^ t of the f i shes . They found tha t the 
- 18 -
observed weight of the f ish was l e s s e r than the calculated 
w e i ^ t of the f i sh . This case was found to he completely 
reversed in l a rge r f i shes and in these groups the observed 
w e i ^ t was higher than the calculated w e i ^ t . A similar case 
has been noted in L. bata when a comparison was made between 
obseirved and calculated w e i ^ t s in smaller and l a r g e r f i shes . 
In fish of d i f ferent maturi ty stages *n* values were 
found to be h i ^ e r in r ipe f ishes and lower in spent f i shes . 
This c lear ly shows tha t in the spa\^^ling season the w e i ^ t of 
gonads increased considerably and so the t o t a l weight of adu l t 
f i shes a lso increased. As soon as the f ishes discharged t h e i r 
gonad products, suddenly the w e i ^ t decreased which consequently 
affected the *n*. Such changes in the value of *n* r e f l e c t the 
extent of the spawning season of the f i sh . 
Several workers have reported tha t females are heavier 
than males in smaller sized f i shes while males are heavier than 
females in l a rge r sized f ishes (Olsen and Merriman, 1946; 
Natarajan and Jhingran, 1963 and Khan, 1972). In the present 
case a lso the l e n g t h - w e i ^ t curve of males l i e s above the 
length-weight curve of female upto the length of 250 mm and 
beneath the l e n g t h - w e i ^ t curve of females the rea f t e r . The 
point of in t e r sec t ion i s between 250-270 mm. Olsen and Llerriman 
(1946) gave a deta i led account on t h i s aspect and s ta ted tha t 
t h i s point of i n t e r s e c t represents the size a t f i r s t maturi ty 
of the f i sh . Natarajan and Jhingran (1963) came to a s imi lar 
• - 19 -
conclus ion i n 0^. c a t l a and observed t h a t t h e two curves i n t e r -
sec ted a t a p o i n t between 500 mm and 650 mm which i s a l s o t h e 
s i z e range a t which most of t h e f i s h a t t a i n m a t u r i t y , 
CJhalcrabarty and S i n ^ (1963) r e p o r t e d a r e v e r s e pheno-
menon i n t h e case of G. mriffg,la. He found t h a t males a r e 
h e a v i e r i n s taal ler f i s h e s and f a a a l e s i n l a r g e r f i s h e s . Khan 
(1972) found t h a t t he length-weigj i t curves of males and females 
of L, r o h i t a i n t e r s e c t e d a t a p o i n t between 500 and 600 mm. In 
s tudying the m a t u r a t i o n and spawning of L. r o h i t a i n a s e p a r a t e 
obse rva t ion , he n o t i c e d t h a t most of the f i s h e s of both sexes 
mature a t a l e n g t h range of 500 and 600 mm. I n L. ba t a t h e 
l eng th -we igh t curves of males and females i n t e r s e c t e d between 
250 mm and 270 mm, the range of s i z e a t which both sexes a t t a i n 
f i r s t sexual m a t u r i t y . 
SUI'MARY 
The study of l e n g t h - w e i ^ t r e l a t i o n s h i p of Labeo b a t a 
r e v e a l e d t h a t t h i s f i s h d id n o t follow the cube law s t r i c t l y 
and the w e i ^ t i n c r e a s e a t a r a t e more than t h e cube of t h e 
l e n g t h . No s i g n i f i c a n t d i f f e r ence was n o t i c e d i n the v a l u e of 
*n* by the a n a l y s i s of covar iance between the f i s h e s of 
d i f f e r e n t s i z e , sex and m a t u r i t y s t a g e s i n a p o p u l a t i o n . The 
-5 
equa t ions for l eng th -we igh t r e l a t i o n s h i p a r e W = 0.2821 x 10 
^3.3109 ^Q ,^ ^ g jj^ g^ ]_g^  ^j ^ 0 .3388 x 10"^ ^^3.2026 _^ ^^  ^^^ female . 
20 -
W = 0.2588 X 10"^ ^3.5832 ^^^ juvenile and W = 0.4893 x 10"^ 
j^3.l667 fQ^ ^Q com'bined f i shes . 
The males were s l i ^ t l y heavier than females a t sna i l e r 
s izes and females were heavier than males a t l a r g e r s izes and 
the two length-weight curves in t e r sec ted a t a point iDetween 
250 mm and 270 mm. This point of i n t e r s ec t i on represen ts the 
s ize a t f i r s t maturi ty of the f i sh . 
Pig. 5. The length-weight re la t ionships of males, 
females and juveni les of L. Taata. 
Pig. 6. The length.-\;eight re la t ionship of conhined 
L. "bata. 
(The s t r a igh t l i n e represents the 
calculated regression l i n e of log v/eight 
on log length and the smooth curve 
represents the calculated weight). 
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TABLE - 6 
MiLLYSIS OP VARIMCE FOR DATA IN TABLE 5 
Source Sums of p . p . Var iance 
square 
Due to t o t a l r e g r e s s i o n 24.3636 1 24.3636 
Between r e g r e s s i o n 
c o e f f i c i e n t vd th in Q Q^Q? 10 0.0018 
d i f f e r e n t m a t u r i t y 
s t a g e s 
Di f fe rence "betv/een pooled 
vd th in d i f f e r e n t m a t u r i t y 0.0012 1 0.0012 
s t a g e s and means r e g r e s s i o n 
Devia t ion of means from ^ n-inn n n nr^oo 
means r e g r e s s i o n 0.0199 9 0.0022 
Res idual 10.1663 313 
Tota l 54.5697 324 
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GAXCULATSD WEIGHT OP L. BATA AT DIPPHRMT LiirTGTii INTERVALS 
Total l e n g t h ( i n mm) Body v/eight ( i n gms) 
150 25.5 
200 50.4 
250 133.4 
300 229.5 
350 410.1 
400 625.3 
450 914.1 
CHAPTER I I I 
RELATIVE CONDITION PACTOR 
- 21 -
IITTR03UCTI0N 
The cond i t ion of f i s h i s subjec ted to a g r e a t number of 
v a r i a t i o n s depending upon t h e v a r i o u s f a c t o r s i n t h e n u t r i t i o n a l 
and b i o l o g i c a l cyc l e s of t h e s p e c i e s . Depending upon the equa-
t i o n s u sed i n l eng th -we igh t r e l a t i o n s h i p , t h e cond i t i on f a c t o r 
of f i s h e s h a s been c a l c u l a t e d i n tv;o v;ays. The f i r s t metliod i s 
. based on the cube law and t h e second i s based on t h e escponential 
equa t ion (W = aL ) , I n t h e former case , t he cond i t i on (K) i s 
c a l c u l a t e d by the equat ion K = W/cL , where W and L a r e t h e 
weight and lengt l i of t he f i s h r e s p e c t i v e l y and ' c ' i s c o n s t a n t . 
I f the s p e c i f i c g r a v i t y of f i s h i s u n i t y and the v a l u e of *c* 
i s 1, then K = VJ^ /L . The v a l u e of 'K* i s g e n e r a l l y m u l t i p l i e d 
by 100 to ob t a in the va lue of *K* i n t o a round f i g u r e a s 
K = 100 M/J? ( H i l e , 1936). 
I n the l a t e r case , hov/ever, t h e r e l a t i v e cond i t i on (Kn) 
i s c a l c u l a t e d by tlie foraiula Kn = W/aL , where aL shows the 
c a l c u l a t e d weight (from the r e g r e s s i o n equat ion) and W i s observed 
w e i ^ t . This equat ion may a l s o be w r i t t e n a s observed we i f ^ t / 
c a l c u l a t e d w e i ^ t (w/WO) (LeCren, 1951). The v a l u e of *Kn' 
f l u c t u a t e s around one and d e p a r t u r e s from 1 r e p r e s e n t t h e 
d e v i a t i o n from the r e g r e s s i o n of w e i ^ t on l e n g t h a s p r o p o r t i o n a l 
p a r t of t he s tandard 1.0. This dev ia t ion r e p r e s e n t s a l l v a r i a t i o n s 
i n weight no t a s s o c i a t e d v;ith l e n g t h , fo r example g e n e t i c 
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v a r i a t i o n , v a r i a t i o n a s s o c i a t e d with food supply, sexual condi -
t i o n and p a r a s i t i s m (Blackburn, 1960)* Blackburn ( i960) empha-
s i zed t h a t t he se v a r i a t i o n s can no t be eva lua ted with t h e he lp 
of cond i t i on f a c t o r (K) u n l e s s 'n* i s a c t u a l l y 3» which i s r a r e l y 
t h e c a s e . 
To ob ta in the maximum in format ion r e g a r d i n g the l i f e 
h i s t o r y of L. ba t a (Han.)» r e l a t i v e cond i t i on f a c t o r was ca lcu-
l a t e d for the two sexes s e p a r a t e l y a t d i f f e r e n t m a t u r i t y s t a g e s 
and i n d i f f e r e n t months. 
MATERIALS AMD LIETHODS 
The data used for the p r e s e n t i n v e s t i g a t i o n comprised 
of 324 specimens (134- males and 188 females) c o l l e c t e d from the 
r i v e r Ka l i u s i n g c a s t n e t s and drag n e t s . 
The method a s evolved by LeCren (1951) i n s tudy ing t h e 
cond i t i on of pe rch , Pe rca f l u v i a t a l i s , was followed h e r e f o r 
the c a l c u l a t i o n of r e l a t i v e cond i t i on f a c t o r (Kn) of L. b a t a 
a s Kn = V//aL , The 'Kn* v a l u e s ob ta ined v;ere then p l a c e d i n t o 
s eve ra l groups accord ing to s i z e , sex, m a t u r i t y and season. 
I n order to f a c i l i t a t e a d i r e c t comparison of gonado-
somatic index (gonad w e i ^ t expressed a s pe rcen tage of body 
w e i i ^ t ) and r e l a t i v e c o n d i t i o n f a c t o r , between d i f f e r e n t groups 
of f i s h , the average v a l u e s of *iLn* ob ta ined were conver ted a s 
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pe rcen t age of the maximum and were p l o t t e d for each sex s e p a r a t e l y . 
For each month the pe rcen tage gonad weight was s u h s t r a c t e d from 
t h e average v a l u e of *Kn* for t h a t month. These v a l u e s a r e 
termed a s cond i t ion minus gonad and have "been p l o t t e d i n t h e 
same f i g u r e . To deteiraine whether the weight of gu t h a s any 
i n f l u e n c e on seasonal changes on 'Kn* of the f i s h , the g a s t r o -
somatic i n d i c e s ( g u t weight expressed a s pe rcen t age of "body 
w e i ^ t ) of the f i s h e s of both sex s e p a r a t e l y , i s s u b s t r a c t e d 
from the v a l u e of cond i t i on minus gonad and termed a s cond i t i on 
minus gonad and gu t . Th is va lue has a l s o been p l o t t e d i n t h e 
same f i g u r e . 
RESULTS 
At t h e s i ze c l a s s 210 mm i n females and 230 mm i n ma les , 
a sudden i n c r e a s e i n the v a l u e of 'Kn* was observed. This was 
follov/ed by a l t e r n a t e decrease and i n c r e a s e i n t h e *'Kn* v a l u e s 
up to the l e n g t h of 450 mm (Table 9» F ig . 7 ) . 
The gonado-somatic i n d i c e s of L. ba t a showed seasonal 
v a r i a t i o n i n both the sexes . I t s t a r t e d i n c r e a s i n g from March 
and reached to the maximum l e v e l i n May i n case of males (Table 10, 
F ig . 8) and i n June i n case of females (Table 10, F ig . 9 ) . The 
ga s t ro - soma t i c i n d i c e s dropped suddenly i n J u l y and August. From 
September to January i t a lmost remained c o n s t a n t . The seasonal 
changes were found to be more pronounced i n females than i n the 
males ( F i g . 10) . 
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Seasonal f luc tua t ions in r e l a t i v e condition can be seen 
in Table 11 and Fig. 10. Higji values were recorded in the 
months of Apri l , May and June when the fish contained fully-
r i pe gonads. Jus t a f t e r the spawning, r e l a t i v e condition fac tor 
declined (July and August). H i ^ e r values were a lso recorded 
during December 1972, October 1973 and February 1974 (Pig. 11). 
Prom April t o June the condition minus gonads of females 
decreased considerably and the condition with gonads increased 
during the same per iod. The decreasing condition with gonads 
during July and August was very c lear while the condition minus 
gonads did not show any s igni f icant decrease. During r e s t of 
the months, there was no s igni f icant difference between condition 
with gonads and condition minus gonads. Similar pa t te rn was 
observed for males. G-astro-somatic index in females was found 
to decrease considerably during April to July . In other months 
gastro-soma t i c ind ices of both the sexes were found to be h i ^ 
(Table 10, Pigs. 8 and 9 ) . 
The 'Kn* value f luctuated considerably in fish of di f ferent 
maturi ty s tages. High values were obtained for immature f ishes 
(170 mm). A peaJc was noticed a t IV or r ipe s tage, which was 
followed by a sharp decline a t V or spent stage in both the sexes 
(Table 12, Pig. 11). 
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DISCUSSION 
F l u c t u a t i o n s i n r e l a t i v e cond i t ion with l e n g t h of the 
f i s h a r e q u i t e a p p a r e n t . I n j u v e n i l e s , the v a l u e s were h i ^ 
(170 mia) , dropped i n the nex t s i z e c l a s s and a g a i n i n c r e a s e d 
a t t h e s i z e of 250 mm. H i ^ v a l u e s i n j u v e n i l e s appear t o "be. 
due to h i ^ r a t e of f eed ing while h i ^ v a l u e s a t 210 and 230 mm 
a r e most probably due to a t t a i nmen t of f i r s t sexual m a t u r i t y . 
S imi la r o b s e r v a t i o n s have been r e p o r t e d i n L, r o h i t a and 
G, mr iga la (Khan, 1972). 
Pan tu lu (1961) suggested t h a t t h i s i n c r e a s e and decrease 
i n the v a l u e s of *Kn* dur ing d i f f e r e n t l e n g t h groups of both the 
sexes can be r e l a t e d t o the number of spawnings dur ing t h e l i f e 
span of t h e f i s h . I n case of L. b a t a t h e r e were 3 peaks and 
3 v a l l e y s up to t h e l e n g t h of 450 mm which showed t h a t t h i s f i s h 
spawned t h r e e t imes before r e a c h i n g t h i s l e n g t h . I n Labeo 
calbasu up to the l e n g t h of 570 mm 3 peaks were r e p o r t e d which 
r e v e a l e d t h a t t h i s f i s h a l s o spawned t h r i c e be fo re r e a c h i n g to 
t h i s l e n g t h (Eamamohana Eao _et a l . 1972) while Khan (1972) 
r e p o r t e d 5 peaks i n case of L. r o h i t a up to the l e n g t h of 9OO mm. 
The monthly f l u c t u a t i o n s i n *Kn* v a l u e s a r e known to be 
in f luenced by two f a c t o r s . The m a j o r i t y of a u t h o r s r e p o r t e d 
t h a t f l u c t u a t i o n s i n cond i t ion a r e c l o s e l y r e l a t e d to t h e sexual 
cyc le of the f i s h and t h i s i n c r e a s e and decrease i n 'Kn' i s due 
to i n c r e a s e and decrease i n w e i ^ t of gonads be fore and a f t e r 
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the spavming (LeCren, 1951; P i l l a y , 1953; Saro j in i , 1957 and 
Pantulu, 1961). However, other woifcers have suggested tha t 
monthly f luc tua t ions in the condition factor are more closely 
r e l a t ed to the feeding rhythm than to the reproductive cycle 
and i s independent of i t (Hi le , 1948; Qasim, 1957; Bal and 
Jones, i960; Blackburn, I960 and Bhatt, 1971). 
In 1 . bata the seasonal changes i n 'Kn* values showed 
tha t both sexes a t t a i n peak condition in June. This r i s e in 
'Kn' value from April to June corresponds vdth the period of 
maturation of gonads as i t i s closely associa ted with r i s e in 
gonado-somatic ind ices during these months. The abrupt f a l l in 
condition during July and August may be a t t r i b u t e d to the spent 
condition of the f i sh . Similar trend was noted in case of 
Labeo roh i ta and Girrhina mrigala by Khan (1972). S l i ^ t 
increase in condition of L. bata during October to February 
with a pealc in February may be due to ac t ive feeding during 
these months when plankton, the main food of the species, i s 
abundant. 
During the monttis of April to June the increase in condi-
t ion with gonads was due to increasing gonads w e i ^ t while the 
continued decrease in condition minus gonad indicated tha t cer-
t a in amount of growth po ten t i a l was sacr i f iced for the gonad 
bui lding and the gonad w e i ^ t increased probably a t the expense 
of the r e s t of the body. This sacr i f ice was more pronounced 
in females than in the males as the ovary w e i ^ t increases 
enoMiously as compared to t e s t e s weight. 
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SULMARY 
The r e l a t i v e condition factor *Kn* of L. bata was 
studied in d i f ferent size groups, d i f ferent matur i ty s tages 
and during di f ferent months. The *Kn* value was h i ^ in 
smaller s ize group. The value decreased upto the length of 
190 mm of hoth sexes and thereaf te r , a sudden increase was 
followed "by a decrease in subsequent s ize group. The f ishes 
were found to a t t a i n peak condition 3 times upto the length 
group of 4b0 mm. 
Studies on the monthly f luc tua t ions in condition indica ted 
tha t the condition i s generally s ta r ted to increase in March and 
reached to maximum during June and then decreased suddenly during 
Ju ly and August. While condition with gonads was found to 
increase during March to June, the condition minus gonads cont i -
nued to decrease. 
Pig. 7. Mean ICn*values a t different size .groups 
of L. "bata. 
Pig. 8. Seasonal fluctnaationo in 'Condition with gonad', 
'Condition minus gonad' and 'Condition minus 
gonad plus gut ' of L. bata ( l a l e s ) . 
Pig. 9. Seasonal f luc tua t ions in 'Condition with gonad', 
'Condition minus gonad' and 'Condition ninus 
gonad plus gut ' of 1 . ba ta . ( females) . 
(The upper curves represent tlie 'condit ion 
with gonad', "the middle 'condit ion minus 
gonad' and the lower 'condit ion ninus gonad 
plus g u t ' . The area enclosed by uppper and 
middle curves represent the gonado-somatic 
index and by the middle and lower curves 
represents the gastro-somatic index). 
Pig. 10. I.Ionthly v a r i a t i o n s in mean 'Kn' values of 
L. bata . 
Pig. 11. llean 'Kn' valties of L. bata a t different 
maturi ty s tages. 
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M3AN 'Kn* VALUES OP L. BATA AT DIFFERENT SIZE GROWS 
Size group 
Mean Kn 
Hale Female 
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431 - 451 - 103.4 
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MONTHLY VAlilATIOHS III HSAJ^  'iCn' VALU3S Oi^  L . BATA 
MONTH LIAIiS IPBijOiE 
October, 1972 96 .3 97 .3 
November 94.9 9 5 . b 
December 98 .8 99.9 
Janua ry , 1973 95.5 95 .1 
February 100.0 98.9 
: iarch 99.7 98 .7 
Apr i l 105.5 100.4 
May 107.9 108.9 
June 99.9 109.8 
Ju ly 101.9 105.4 
August 96.7 99.6 
September 98 .8 97 .4 
October 100.2 104.9 
November 99.2 96 .1 
December 97.6 98.0 
January , 1974 94 .2 97 .7 
February 102.1 100.9 
March 97 .3 96 .3 
Apr i l 106.8 103.4 
May 105.9 106.5 
June 98.9 105.1 
J u l y 95 .8 101.4 
August 97 .8 9 7 . 8 
September 
October 95 .3 97 .7 
TABLE - 12 
lEM 'Kn' VALUES 0¥ L. BATA AT DIFFERENT MATURITY STAGES 
M a t u r i t y s t ages 
Mean Kn* 
J u v e n i l e Male Female 
0 103.1 
1 - 104.1 103.6 
I I - 101.7 101.8 
I I I - 102.7 102.2 
IV - 108.9 109.1 
V - 94.6 95 .2 
CHAPTER I V 
AGE AND GROWTH 
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INTRO IIJGTI ON 
The s i g n i f i c a n c e of age and growth of a f i s h i s e s s e n t i a l 
for a f i s h e r y b i o l o g i s t i n so lv ing v a r i o u s problems of i t s l i f e 
h i s t o r y and the s tudy h a s l e d to the accumulat ion of cons ide rab l e 
in format ion on t h i s sub j ec t , p a r t i c u l a r l y from the tempera te 
r e g i o n s . There have a l s o been a t t e m p t s of v a r y i n g degrees of 
success i n the de te rmina t ion of age of t r o p i c a l and s u b t r o p i c a l 
f i s h e s of Ind i an w a t e r s , l i k e , H o m e l l and Naidu (1924) ; 
Devanesan (1943) ; Nai r ( 1949) and Chidambaram ( 1950) on 
S a r d i n e l l a l o n g i c e p s ; Rao ( 1954) on Therapon j a r b u a ; Hora and 
Nai r (1940) ; Chacko _et a l . (1948) ; Chacko and Krishnamurty (1950) ; 
Jones and Menon (1951) and Raj (1951) on H i l s a i l i s h a and 
Chidambaram and Krishnamurty ( I 9 5 l ) on R a s t r e l l i g e r kanagur ta 
from the marine environments . I n these s t u d i e s e i t h e r t h e s ca l e 
(Seshappa and Bhimachar, 1951, 1954; P i l l a y , 1954; J h i n g r a n , 1957, 
1959; S a r o j i n i , 1957; Nata ra jan and J h i n g r a n , 1963; K r i s h n a k u t t y , 
1968; Thakur, 1968; Kamal, 1969; Khan and S idd iqu i , 1973 and 
Rangas^-ramy, 1973) o r ope rc l e (Qasim and B h a t t , 1968) or spine 
( P a n t u l u , 1961 and 1963) h a s been used f o r age d e t e n a i n a t i o n . 
i?rom f r e shwa te r s the age and growth s t u d i e s based on t h e 
i n t e r p r e t a t i o n of annual marks on s c a l e s have been s u c c e s s f u l l y 
made on Ci r rh ina mr iga l a ( J h i n g r a n , 1957, 1959; Kamal, 1969) on 
Cat la c a t l a (Na ta ra jan and J h i n g r a n , 1963) and on Labeo r o h i t a 
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(Khan and S idd iqu i , 1975). 
Age and growth of Labeo ba t a h a s no t been a t t empted so 
f a r and n o t h i n g could be s a id about i t s age , l i f e span and 
growth r a t e . The p r e s e n t i n v e s t i g a t i o n d e a l s wi th v a r i o u s 
a s p e c t s r e l a t e d to age and grov;th of the f i s h , l i k e , a g e - l e n g t h 
r e l a t i o n s h i p , maximvim s i z e and age , annual and seasonal growth 
r a t e . 
MATERIALS MD METHODS 
The samples for the p r e s e n t i n v e s t i g a t i o n comprised of 
specimens c o l l e c t e d from t h e r i v e r K a l i dur ing t h e p e r i o d from 
October 1972 t o October 1974. Total l e n g t h was measured u p t o 
n e a r e s t mm, from the t i p of t h e snout to t h e l o n g e s t f i n r ay of 
t h e lower l o b e of caudal f i n . The s c a l e samples were taken 
uni formly from the reg ion d i r e c t l y below the do r sa l f i n and 
above the l a t e r a l l i n e . 10-12 s c a l e s were ronoved from each 
f i s h . The same techn ique was followed h e r e fo r t h e study of 
s c a l e a s desc r ibed by Khan and Siddiqui (1975) for Labeo r o h i t a . 
To remove the mucous from the surface of s c a l e s , the s c a l e s were 
rubbed g e n t l y bjr t he f i n g e r s and washed vdth wa te r . The f i lmsy 
t i s s u e and o the r ex t raneous m a t t e r a t t a c h e d to s c a l e a r e removed 
by t h i s t r e a t m e n t . The s c a l e s were then d r i e d on a n e a t b l o t t i n g 
pape r and k e p t i n s e p a r a t e envelopes . 
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The scales were read with the help of a magnifying 
g lass against narrow li^f^t source. The marginal r ings and 
r ings of small scales were studied with the help of a bino-
cular . Ages were determined by counting the number of 
completed annul i . The regenerated scales were re jec ted . 
Fishes were c l a s s i f i ed under the *age groups' : those which 
have completed the age of the n-umber mentioned a f t e r the age 
group while *year class* represen ts the growing season of the 
* 
f i sh . For example Age group I I ind ica tes the f i shes which 
have completed i t s two years of age and possess two complete 
annuli while the 2nd year c lass represents the second growing 
season of the fish which has only one completed annulus. 
The scale envelopes were mixed together for the deter-
mination of age and from the whole l o t , envelopes were picked-
randomly one by one. Annuli were counted from each scale and 
noted on a separate sheet of a paper agains t the number of the 
envelope. At l e a s t 4 or 5 scales were read from each envelope. 
The whole l o t of the envelopes were again mixed and the same 
procedure was repeated; ages were again determined i r r e spec t i ve 
of the previous diagnosis and i f both the observations t a l l i e d , 
the age of the fish was considered f i n a l , otherwise, scales 
were read for a th i rd time and i f consis tent i n t e r p r e t a t i o n was 
impossible, these scales were discarded. The percentage of 
scales with marginal r ings during dif ferent months was a lso 
calculated to study the probable period of r i ng foimation. 
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A paper r u l e r of mil l imeter graph paper was used to 
measure the length of the sca le . The zero of the r u l e r v/as 
placed a t the centre of the focus and along the most an t e r i o r 
median l i n e in the an te r io r f i e ld . The r u l e r v;as then marked 
a t each annulus and a t the t o t a l length of the scale . The 
d e t a i l s ahout the length of the fish and month of the capture 
were noted on the reverse side of the r u l e r . Separate r u l e r 
was used for each scale . 
The re la t ionship between body length and scale radius 
was vioiked out by regression ana lys i s (Least squares method). 
Length a t t a ined by the fish a t the time of each annulus foima-
t ion was back ca lcula ted for each specimen, separately, using 
the d i rec t proportion formula (Lee, 1920) as 
L X S-
L = '-
' S 
where *L * i s length of the f ish a t the time of annulus formation, 
*L' i s length of f ish a t the time of capture, ' S* i s the length 
of scale from the focus to the an t e r i o r apex of the scale or scale 
rad ius , and *S^' i s the distance between the focus and each 
annulus of sca le . 
The mean monthly lengths of the f i shes v;ere determined 
separately for each age group as revealed by the number of annuli 
on the scale . The specif ic grov/th *G* of the f ishes was ca lcula ted 
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s e p a r a t e l y for each age group and s i ze group by the fo l lovdng 
formula: 
G- = X 100 (Bal and J o n e s , I960) 
Where ' L ^ ' and *L ' were the l e n g t h s of t h e f i s h a t t h e t imes 
«T * and *T * r e s p e c t i v e l y . 'L * and 'L * were the l e n g t h s a t 
t he "beginning and a t the end of each yea r of l i f e . Thus Tp - T 
i s one a n d ' & ' ( i n s t a n t a n e o u s growth r a t e ) i s expressed a s pe rcen-
t age p e r annum. 
Yon Be r t a l an f fy growth equat ion was f i t t e d to l e n g t h a t 
age data a s desc r ibed by Beverton and Hol t ( 1957 ) . 
RESULTS 
Descr ip t ion of s c a l e : 
The s ca l e of L. b a t a i s a t y p i c a l c y c l o i d s c a l e hav ing 
focus nea r the c e n t r e of the s c a l e . The c e n t r e i s surrounded 
by numerous more or l e s s c o n c e n t i l c s t r i a t i o n s knov/n a s r i d g e s 
or a n n u l i . The annu l i a r e cont inuous and homogenous, and 
p rov ide the s c u l p t u r i n g v/hich i s i n t e r p r e t e d i n age de t e rmina t ion . 
The c i r c u l i i n c r e a s e i n h e i . ^ t dur ing t h e p r o c e s s of c a l c i f i c a -
t i o n . Radi i r e p r e s e n t t he l i n e s of f l e x i b i l i t y i n t h e s c a l e . 
The a n t e r i o r p a r t of t h e s c a l e s a r e b u r i e d i n dermal p o c k e t s 
and only the p o s t e r i o r p o r t i o n p r o j e c t s from the pocke t . The 
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buried an te r io r pa r t bears growth r idges v;hich appear as r ings 
on the surface of bony outer l ayer . Some of these r idges 
projec t a l i t t l e v;ay on to the pos te r io r surface. The r ings 
are formed successively as the scale grows in area \^ath the 
growth of the fisjh. 
Nature of t rue p:rowth rings? 
The annuli or t rue grov/th r ings are character ized by 
l i g h t bands which a re carved out spaces between c i r c u l i in the 
form of grooves extended to the pos te r io r and l a t e r a l s ides of 
the scale . These carved out grooves are preceded by compara-
t i ve ly thicker and narrower c i r c u l i . These c i r c u l i form a chain 
of i so l a t ed i s l e t - l i k e s t ruc ture a t the region of groove. 
Pos t e r io r ly and l a t e r a l l y , these r ings are p a r a l l e l to the 
general contour of the scale . In the annular region, c i r c u l i 
a re broken, discontinuous and incomplete. A r ing i s considered 
annulus only when i t i s present in a l l the scales of the f i sh . 
3?alse ringst 
Some times incomplete, i r r e g u l a r r ings were found in the 
scale of L^ ba ta . These accessary checks a re knovm as fa lse 
r ings and they are not p a r a l l e l to the general contour of the 
scale . Such type of scales are not having continuous groove on 
both, lower l a t e r a l and upper l a t e r a l halves of the sca le . These 
grooves are in the form of folds and c i r c u l i crossing such folds 
show a continui ty and r e : j i l a r i t y ratiier than the discont inui ty 
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and i r r e g u l a r i t y of the defined age r ing . These r ings general ly 
occurred a t i r r egu l a r i n t e r v a l s and hack ca lcula t ion of lengths 
from such r ings give ahsured r e s u l t s . False r ings a re not 
cowmon in the scales of L. bata . 
Ahnormalities? 
In L. bata 10-15^ of the scales were found to be abnormal. 
The most common type of abnormality was asymmetrical regenerated 
scales (La t inuc lea te ) . The regenerated scale was having la rge 
fused focus, devoid of c i r c u l i , rough or gianular in appearence 
or sometimes t h i s type of scale showed a number of r idges l i k e 
r ings which in no way represented the annual marks. The r e l a t i v e 
size of regenerated centre depends on the s ize of the scale 
when regeneration began. The most symmetrical scales with no 
differences in size and shape and with l e a s t amount of abnorma-
l i t y were found jus t below the dorsal f in and above the l a t e r a l 
l i n e . These scales were examined for age and grov/th s tud ies . 
Validity of scales as age and growth ind ica to r : 
The scales of Girrhina mrigala, Catla ca t la and Labeiq 
rohi ta showed c lear zonations which could be used for studying 
the age and growth of these f i shes (Jhingran, 1957, 1959*, 
Natarajan and Jhingran, 1965; Kamal, 1969 and Khan and Siddiqui, 
1973). These authors have also attempted to es tab l i sh the annual 
nature of these r ings and provided evidences i n support of i t . 
Labeo bata i s closely r e l a t e d to these species , specia l ly to 
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La"beo roh i ta and i t s scales have a lso "been found to bear cer ta in 
r i n g s . The accuracy of scale method for age determination of 
L. bata was based on the following proport ions (Van Oosten, 1929); 
1. That the scales must remain constant i n number and must 
r e t a in t h e i r i den t i t y throughout the l i f e . 
2. That the scales must bear a constant proport ional 
r e la t ionsh ip vri.th the length of the f i sh . In another \>ra.y i t can 
be also summarised tha t the grov;th of the scale must be propor-
t iona l to the growth of the f i sh , 
3. That the annulus must be formed yearly and a t the same 
approximate time of each year. 
In L. bata the number of scales along the l a t e r a l l i n e 
were found to vary between 37-40 and within t h i s r ange , th i s 
number vsras highly constant . The size and shape of the scale 
sculptured character s t i e s differed from one region to another 
but i t almost remained constant throughout the l i f e in one pa r t 
and the highest degree of constancy in shape of the scales was 
found from the region jus t belov/ the dorsal f in and above the 
l a t e r a l l i n e . 
Time of annulus formation: 
The occurrence of marginal r ings on the scale of L. bata 
v;ere examined durin-^ dif ferent months of the year to determine 
the time of annulus formation. The ncv; growth r ings began to 
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appear from March and thereaf te r a l l the f i shes of f i r s t year-
c lass ( juveniles) were found to contain nev/ growth r i ngs . In 
adu l t s ( a l l year -c lasses except f i r s t y e a r - c l a s s ) , examination 
of outer margin of the scales revealed tha t the nev; r ings a re 
foimed "between April and August, vdth a h i ^ frequency during 
June (Fi*;. 12). Besides, only one such r ing appeared during 
the year. 
The annuli were added systematically with the growth in 
length of the fish and t h i s phenomenon i s regarded as a p r e l i -
minary evidence sus ta ining the v a l i d i t y of markings as annual 
(P la te 1-7). The constant appearence of new grov;th r ings 
during one season of the year i s a lso an evidence of t h e i r 
being t rue annual. The decreasing distance between the 
adjacent annuli a s the f ish grew was yet another evidence in 
support of the v a l i d i t y of scale method and progressively slov; 
growth v/ith increas ing age (P la te 1-7). Similar evidences 
regarding the v a l i d i t y and occurrence of t rue annuli have been 
reported in Cirrhina mrigala (Jhingran, 1959 aJid Karaal, 1969), 
in Qatla ca t la (Hatarajan and Jhingran, 1963) and in Labeo rohi ta 
(Khan and Siddiqui, 1973). The length ca lcula ted by back calcu-
l a t i o n and iraperical length and length deterraination by Von 
Bertalanffy growtli equation a t each age shov/ed no s igni f icant 
difference. 
Body l e n g t h s c a l e r a d i u s r e l a t i o n s h i p : 
Body l e n g t h and s c a l e r a d i u s r e l a t i o n s h i p h a s a l s o been 
used to prove the v a l i d i t y of s c a l e method for age de t e rmina t ion . 
I n order to a s c e r t a i n t h e r e l a t i o n s h i p between t h e s c a l e and 
t h e lengt l i of the f i s h , t h e i n d i v i d u a l measaretaents ob ta ined 
vrere p l o t t e d on a graph pape r which y i e l d e d a s t r a i g h t l i n e 
r e l a t i o n s h i p ( F i g . 15) . The r e g r e s s i o n equa t ion I = a+b X 
where*! '= s ca l e l e n g t h (dependent v a r i a b l e ) *2 ' = Tota l l e n g t h 
of the f i s h ( Independent v a r i a b l e ) ; 'a* i s a d d i t i v e cons t an t 
and *b* i s n u l t i p l j ' l n g c o n s t a n t , was c a l c u l a t e d fo r t h e r e g r e s s i o n 
of body l e n g t h over s c a l e l e n g t h ( s c a l e r a d i u s ) for f u r t h e r 
conf i rmat ion of v a l i d i t y of s c a l e s , a s i n d i c a t i o n of age and 
growth. The r e s u l t s showed t l ia t the i n c r e a s e i n l e n g t h of t h e 
s c a l e bea r a cons tan t r a t i o to the i n c r e a s e i n l e n g t h of the 
f i s h . The c a l c u l a t e d v a l u e s could be expressed a s : 
Y = - 2.534 + 0.064 X 
AGg Airo GROWTH iUTB 
k^e composit ion; 
The l e n g t h frequency d i s t r i b u t i o n a t each age group of 
L. b a t a a s r evea l ed by s c a l e study i s given i n Table 14. The 
l e n g t h frequency d i s t r i b u t i o n of the s i z e s was based on the bade 
c a l c u l a t i o n s of l e n g t h s froia t h e s c a l e s . The f i s h e s of age 
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groups I , I I» I I I and IV comprised of a moderate number of 
specimens v/hile f i s h e s of age groups VI and VII were few i n 
numbers. The samples did n o t obviously r e p r e s e n t t he a c t u a l 
composit ion bu t i t showed an approximate age composit ion of 
t h e p o p u l a t i o n . 
OAXCULATED MMAL &ROWTH 
Average c a l c u l a t e d l e n g t h a t each annu lus , a b s o l u t e ,0^70wth 
and growth increment : 
The bade c a l c u l a t e d l e n g t h s from the f i s h e s of d i f f e r e n t 
ages a r e r e p r e s e n t e d i n Table 11?. The grov/th r a t e of males and 
females did no t sl'iow any s i g n i f i c a n t d i f f e r e n c e and t h e r e f o r e 
combined grov;th r a t e of males and f o n a l e s of L, b a t a h a s been 
i n v e s t i g a t e d . L. ba t a was found to a t t a i n l e n g t h s of 131 mm, 
194 mm, 236 ram, 277 mm, 314 mm, 341 mm and 364 mm a t the age of 
1» 2, 3 , 4 , 5, 6 and 7 y e a r s r e s p e c t i v e l y . The f i r s t 4 y e a r s 
of l i f e shov/ed a r a p i d growth i n l e n g t h while t h e growth r a t e 
slowed down i n subsequent age groups . A p r o g r e s s i v e l y d e c l i n i n g 
growth r a t e with i n c r e a s i n g age i s a l s o c l e a r l y v i s i b l e from 
lower growth curve (growth i n c r a n e n t curve) ( P i g . 14) . The 
maximum l eng th recorded by the back c a l c u l a t i o n vra.s 364 mm a t 
t h e end of VII yea r s of l i f e . 
Figure 15 shows the a b s o l u t e growth curve of L. b a t a 
r e p r e s e n t i n g the weights a t d i f f e r e n t a g e s . A s igno id curve i s 
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obtained, shovdng a h i ^ e r grov/th r a t e during ear ly ages 
followed "by a decreasing growth ra te in older ages. The per-
centage of annual increment ( r e l a t i v e growth) var ied from 
56.05I during the f i r s t year of l i f e to 6.5^ during the 7th 
year of l i f e (Table 16). 
Specific or instantaneous growth rate? 
Table 16 and Fig. I6 show changes in the instantaneous 
growth r a t e (percentage length per year) with age. The growth 
r a t e was found to be b9,S3fo betv/een the ages I and I I and 
u l t imate ly i t dropped down to only 6,5^% between ages VI and 
VII. The value of 'G* decreased gradually with increas ing age 
of the f i sh . 
F i t t i n g of grovfth equation to length a t age data: 
Several equations have been evolved in order to describe 
the growth of the f ish since many species of f i shes have been 
found to follow different growth p a t t e r n s . I t was V/alford 
(194-6) who gave a method by which i t was poss ib le to a r r i ve a t 
the asynptot ic growtli of the f ish (Lee) and a lso the r a t e of 
growth increment (K). The lengths a t ages 1, 2, 3, 4, 5 and 6 
were p lo t t ed against lengths 2, 3» 4, 5, 6 and 7. A l i n e of 
•best f i t ' was then drawn. The u l t imate length a t t a ined by 
L. bat a was determined graphical ly a t a point where the length 
a t age 'n* equals the length a t age n + 1. A l i n e was dravm. a t 
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45 t h r o u ^ zero poin t . The curve in te r sec ted t h i s l i n e and 
the point of in t e r sec t ion showed the u l t imate or asymptotic 
length (Lot) of the fish (Pig . 17). 
Beverton and Holt ( 19t?7) reviewed in d e t a i l , var ious 
growth equations and found Yon Bertalanffy growth equation 
(Von Bertalanffy, 1934, 1938 and 1949) to be most superior to 
most of the other equations. This equation describes s a t i s f ac -
t o r i l y the grov/th of those f i shes in which growth r a t e decreases 
progress ively as the fish become older. Von Bertalanffy has 
described tlie growth equation by two parameters Lot, the u l t imate 
or asymptotic length and K, the slope a t which the asymptotic 
length i s "attained. 
F i t t i n g of Von Bertalanffy growth equation to length a t age 
data of L. bata. 
The equation given by Von Bertalanffy i s a s follov/s: 
Lt = L« d-e"^^ ^^"V) 
Where ' L t ' i s the length a t age ' t * , 'LK* i s asymptotic length, 
•e* i s the base of neparian logari thms, *K* i s the coeff ic ient 
of catabolism, ' t* i s the age of the fish Eind *to ' i s the age 
a t which the fish i s of zero length . 
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The growth equation can be f i t t e d a s follows: 
Lt + 1 = Let ( l-e-'^S + L-t "^"^  
Here, *Lt' and 'Lt + 1' a re the length of the f ish a t age ' t* 
and 'Lt + 1' respec t ive ly . This equation shows a l i n e a r 
re la t ionsh ip between *Lt' and *Lt + 1* (Pig. 18). 
The estimated parameter i s Loc = 450 mm. 
*to* v/as calculated by the following formula of Ricker 
(1958) 
to = 
( log Loc + K to) - log Lot e e 
K 
The value bf log^Loc + K tQ i s the Y axis i n t e r cep t (5.99) 
in Fig. 18 where log (lot - Lt) i s p lo t t ed against age. Substi-
t u t i n g the values to the above formula 
to = - 0.5963 
The values of Lot, IC and to have been subs t i tu ted in the 
equation. Thus Von Ber ta lanf fy ' s growth equation for L. bata "^  
could be expressed as 
Lt = 450 (ve-0-2l65( t+0.5963)^ 
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The values of Lt a t different ages v;ere calcula ted 
(TaMe 16). The t h e o r i t i c a l lengths a t d i f ferent ages a s 
calculated "by t h i s growth equation showed a close agreement 
between the calculated length , observed length and length 
determined by grov/th equation which revealed tha t Von 
Bertalanffy* s growth equation represents adequately the grov;th 
of L. bata . 
Sea sonal pyov/th: 
The study of seasonal growth was made from the mean length 
a t t a ined during different months of the year. &rov;th increment 
has been expressed as percentage of increment to the t o t a l length 
a t the bej.nning of the period a s suggested by Kramer and Smith 
(1959) and August has been taken as the month of b i r t h . 
F i r s t year >"yowth: 
The Mean monthly percentage in growth increment during 
f i r s t growing season of L. bata has been tabulated in Table 17 
and represented graphical ly in ? ig . 19. Three peaks were 
observed, f i r s t in November, second in March and t h i r d in Hay. 
A drop in average mean lengtli v;as observed in January, Au^-^st 
and December. I t i s quite obvious from Fig. 19 tha t the grov/th 
r a t e of f i r s t year -c lass vra.s f a i r l y good throughout the year 
except during January, August and December. 
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Second yea r ^rov;th: 
The {p:ov/th r a t e dur ing t h e second grovdng season was 
found to be a f f e c t e d s i g n i f i c a n t l y by ma tu ra t i on and spa\'jning 
and the drop d u r i n j v;inter months v/as n o t so marked a s i n f i r s t* 
y e a r - c l a s s . The growth r a t e decreased from Hay to August (IPig. 19) . 
Third y e a r grov/th; 
The p a t t e r n of growth r a t e of t h i r d y e a r - c l a s s was 
s i ' n i l a r to t h a t of second y e a r - c l a s s and t h i s y e a r - c l a s s was 
a l s o a f f e c t e d by matura t ion and spawning of the f i s h (Table 17, 
F iS . 19) . 
DISCUSSION 
Several workers have suggested a number of f a c t o r s a f f e c -
t i n g the formation of annual zones on t h e s k e l e t a l p a r t s of t h e 
f i s h , both under n a t u r a l and exper imenta l c o n d i t i o n s . V a r i a t i o n s 
i n tempera ture dur ing d i f f e r e n t seasons of the yea r may cause 
the formation of opaque and t r a n s l u c e n t zones during summer and 
w i n t e r months of each yea r (Dahl , 19095 l e e , 1920). Van Oosten 
( 1957) dep ic t ed t h a t any c e s s a t i o n i n the growth r a t e of t h e 
f i s h , r e s u l t e d i n the foimat ion of check on the s c a l e . Genera l ly 
t h r e e main f a c t o r s have been found t o be r e s p o n s i b l e for growth 
c e s s a t i o n i . e . environmenta l , p h y s i o l o g i c a l and g e n e t i c (Brown, 
1946). 
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Temperature and i n t e n s i t y of feeding are main environ-
mental fac tors and i t has been reported by several v/orkers tha t 
temperature has a s igni f icant r o l e in the formation of checks on 
the slceletal p a r t s of the f i shes from temperate regions . A drop 
in temperature during winter causes reduction in metabolic 
a c t i v i t y , leading to cessat ion or reduction i n the i n t e n s i t y of 
feeding and consequently to the growth r a t e . During summer, 
temperature increases , whidi i s followed by fas t growth r a t e and 
wide s c a l e r i t e s (Cutler , 1918, Graham, 1929). Since the wide 
and narrow zones a re formed by changes in temperature during 
d i f ferent seasons and zone formation occurs only once a year, 
the r ings are regarded as annual marks. In Rainbow t rou t zone 
foimation on scale vra,s reported to be temperature-independent 
by Bhatia ( 1931) . He observed tha t zone formation was corre la ted 
with the abundance and scarc i ty of food. The f luc tuat ion in 
temperature in different seasons was not as marked as i t was 
in temperate regions and hence the r ing formation can not be 
a t t r i b u t e d only to temperature. 
Besides exivironmental fac tor , physiological cycle of 
changes in the in t e rna l environment presumably lead to differen-
t i a l r a t e s of growth. Variation in the secret ion of endocrine 
gland, such as p i t u i t a r y may a l so cause the growth re t a rda t ion 
(Brown, 1946). She s ta ted "since the cycle occurred in the 
absence of any va r i a t ions of environmental fac tors , i t can not 
depend on the existence of environmental makers". The maturation 
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of gonads i s usua l ly accompanied by decreased feeding, followed 
"by a decrease in the growth. According to Hickling (1933) "an 
in t e rna l fac tor i s responsible for rin/5 formation in the o t o l i t h 
of halce. The t ranslucent hand i s l a i d down a t the time of 
poorest condit ion, tha t i s , of g rea tes t physiological s t r e s s . 
In mature f ish t h i s i s the exhaustion due to spawning and in 
immature f ish to i t s precursor in the innate physiological rhythm 
which can be detached in the somatic t i s s u e " . Hartley (1947) 
s ta ted tha t r ings are "spawning marks", being produced during 
the spawning season of the fisl i . Variat ions in the organic 
n u t r i e n t s have a lso a re la t ionsh ip with the growth rhythm of 
f ish (Dannevig, 1933). 
Seasonal va r i a t i ons in feeding i n t e n s i t y have a l so been 
cor re la ted with the formation of annuli (Thomson, 1904; Hardy, 
1924; Nair, 1949; Qasim, 1957; Eadhakrishnan, 1957; Natarajan 
and Jhingran, 1963; lakshmanan et a2. 1971; Khan and Siddiqui, 
1973 and Rangaswamy, 1973). Kesteven (1942) s ta ted "feeding 
had ceased for a period during which resorpt ion may have occurred 
a t any r a t e a t t h i s time the c i r c u l i were d i f f e r en t i a l l y 
shortened; a t the end of the period, with the resumption of 
feeding, scale accre t ion was resumed, but in such a manner as 
to produce complete c i r cu l i ly ing a t a di f ferent angle to those 
of the previous annulus". 
The formation of scale in immature f i shes r e f l e c t s an 
innate physiological rhythm in comparison with the spawning cycle 
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of i±ie adu l t . The reduced feeding and the maturation of 
gonads occur simultaneously and cause the per iodic formation 
of the r ings on the sca les . 
P i l l a y (1955) s ta ted tha t the upse t t ing of bottom f lora 
hy floods caused the reduced feeding and consequently the 
growth, was checked. Seshappa and Bhimachar (1951) while 
working on the scales of Gyno^ossus semifasciatus, suggested 
tha t the r ings v/ere formed under the influence of South West 
monsoon which resu l ted in the depletion of food a t the bottom. 
This lack of food led to s ta rva t ion which was the main fac tor 
in the formation of r ings and they named these r ings a s monsoon 
r i n g s . Similar findings have been reported by Jhingran ( 1957) 
in Cirrhina mrigala. The migration of the f ish from one 
environment to another annually for spawning or feeding purposes 
may a lso cause the foimationi of annul i . 
Many workers have observed the growth check on the 
ske le ta l p a r t s of t rop ica l or subtropical f i shes (Homell and 
ITaidu, 1924; Hair, 1949; Seshappa and Bhimachar, 1951; Menon, 
1953; Pantulu, 1961, 1963; Natarajan and Jhingran, 1963 and 
Kamal, 1969). Delanan ( 1929) and Hardenberg ( 1938) reported 
tha t due to absence of severe winter in t rop ica l regions, a 
pe r iod ic i ty in grov/th of the f i shes did not occur and thus the 
scales possessed no growth r i n g s . This statement was not 
supported by s igni f icant evidences because in t rop ica l waters, 
there i s a pe r iod ic i ty in the physico-chemical and b io logica l 
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fac tors of the water and per iod ic rhythm in spawning, Menon 
(1950) c r i t i c i s e d tha t without de ta i l examination of t h i s 
important problem on the l i n e s suggested by Graham (1929) and 
Van Oosten (1929) t h i s view can not be accepted. Qasim (1957) 
summarised "higher temperature and increased food intake during 
sammeTf a f t e r spavming, lead to a rapid growth in length and 
tha t the densest opacity appears daring t h i s time. On the other 
hand the period of lowest temperature and lowest intake of food 
i s followed by formation of the t ransparent zone, which coincides 
with the h i f^es t ra-te of gonad maturation and breeding a c t i v i t y " . 
In L. bata i t has been observed tha t the f i r s t year r ing 
foimed during the month of March or Apr i l . The i n t e n s i t y of 
feeding was found to be lowest during these months and moderate 
during r e s t of the months. This shows tha t r ing formation 
during the f i r s t year of l i f e may be corre la ted to lov; feeding 
i n t e n s i t y . In second yea r -c l a s s or above year -c lasses , r ing 
formation occurred during April to June which were the spawning 
months of the f i sh . During spawning period, gonads enlarge 
enoimously and most of the growth po ten t i a l i s di rected towards 
the gonad bui lding. The space for gut i s a lso reduced due to 
enlargement of gonads which causes low feeding. Examination of 
outer margin of scale of L. bata revealed tha t r ing on the margin 
occurred only once a year emd so these r ings viere termed as t rue 
annul i . 
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A comparison of the growth r a t e in var ious age groups 
shov;s tha t growth i s more rapid during f i r s t four years of 
L. "bata. A progressive decrease in the r a t e of growth v/ith 
increase in age, has been observed. Decrease in calculated* 
lengths with increas ing age has been a t t r i b u t e d to attainment 
of maturi ty and i t i s well known fact tha t most of the growth 
po ten t i a l i s used for gonad bui ld ing ra ther than dimensional 
growth a f t e r second yea r - c l a s s . Mraz (1964) reported a complete 
reverse case to the above statement in the case of round v/hite 
f i sh . He noted an increase of calculated length with the 
increase in age in the above mentioned f i sh . 
Lee ' s phenomenon of apparent changes was t h o r o u ^ l y 
discussed by Smith and Pycha (196I) . According to them the 
l a rge r and fas te r growing f i shes have a grea ter mor ta l i ty r a t e 
and are c a u ^ t ear ly in the l i f e than the slower growing f i shes . 
Paniklcar (1949) s ta ted "if we a re to go by the size of f ish and 
the rapid grov/th under t rop ica l condit ions, where the r a t e of 
metabolic a c t i v i t i e s increases a t l e a s t tlriree times what i t i s 
in colder l a t i t u d e s , the maximum size to which most species 
grow may be a t t a ined vdthin a course of 10-12 months". 
A cer ta in degree of size overlapping was found in both 
the sexes due to wide range of s izes am.ong the f i shes of same 
year -c lass (Qasim, 1957; Frost and Kipling, 1967). This over-
lapping was pa r t ly due to prolonged breeding season of the fish 
and spawning of a l l the ind iv idua ls did not complete a t one time. 
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So some f i shes hatch e a r l i e r than others and stand to gain a 
good s t a r t of l i f e . Qasim (1957) suggested tha t the range of 
s izes in each year c lass comprise not only t h e i r s ize a t t h e i r 
respect ive b i r t h days, "biJt a l so the length increments between 
one year and the next age group. Size of the fish i s most 
important factor which a f fec t s the grov;th on the population 
(Brown, 1946). Larger f i shes have found to grow comparatively 
f a s t e r because they prove to be more e f f ic ien t i n competition 
and able to a t t a i n maximum food than the juveni les and removal 
of l a r g e r f ishes from the environment leads to an improvement 
of the growth r a t e of smaller f i shes . 
Beverton and Holt ( 1957) attempted to compute the growth 
of a number of f ishes according to Von Bertalanffy growth 
equation. According to Von Bertalanffy* s (1938) growth equation, 
an organism i s analogous to a r eac t ing chemical system obeying 
the lav/ of mass act ion and the growth (mass) i s the net r e s u l t 
of the in t e rac t ion betv/een two generally opposing processes , 
catabolism (breakdown) and anabolism (Synthes is ) . 
In L. bata Von Bertalanffy growth equation describes the 
-prowth of the fish s ign i f ican t ly because the fish constantly 
inhab i t s one environment throughout the l i f e , thus leaving as ide 
the chance of revis ing the u l t imate length. 
The seasonal growth curve of L. bata ind ica t e s t ha t 
growth in length almost en t i r e ly occurred in the post spawning 
months of the year. The growth curve of f i r s t yea r -c l a s s showed 
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two maxima, f i r s t in Ifovember and second in Llay. These two 
maxima a l so ind ica te the two peak periods of feeding. A 
sharp decline in grov/th r a t e during April to July was due to 
enlargement of gonads in adu l t f i shes . This shows tha t the 
food intake i s used en t i r e ly for gonad bui ld ing and courtship 
a c t i v i t i e s . An increase in growth r a t e during post monsoon 
months was due to b e t t e r feeding. 
To summarize the pa t t e rn of grov/th r a t e of L. bata i t 
can be said that the growth curve of the f ish of f i r s t year 
c lass was affected only by food uptake while the growth r a t e 
of adul t f ishes was influenced by in t ens i t y of feeding as well 
as maturation of gonads. 
SUIvMARY 
Age and growth of L. b a t a (Ham.) was s tud i ed by t h e 
ana lys i s of scales and length frequency d i s t r i bu t ion . Scale 
pa t t e rn of t h i s fish shows the growth check in the form of 
carved out spaces in c i r c u l i . These marks a re annular i n 
nature and are su i table for age determination. A d i f f e ren t i a -
t ion was found between fa lse r i ngs and t rue growth r i n g s . The 
l e a s t amount of abnormality was found in scales in the region 
jus t below the dorsal fin and above l a t e r a l l i n e and about 15^ 3 
of the scales v;ere abnormal. 
The causative factor of annular ring formation in the 
f i shes of f i r s t year -c lass v;as found to be the i n t ens i t y of 
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feeding where as in adul t f iohes, the r ing foimation was 
influenced by both feeding i n t ens i t y and maturation cycle. 
L. bata was found to a t t a i n a length of 131 mm, 194 mm, 
236 mm, 277 mm, 3l4 mm, 341 mm and 364 mm a t the end of 1 s t , 
2nd, 3rd, 4th, 5th, 6th and 7th year of l i f e respec t ive ly . 
Increase in length of the scale was observed to bear a constant 
r a t i o to the increase in length of the f ish and regression 
ana lys i s yielded a s t r a igh t l i n e re la t ionsh ip between scale and 
body length. The ca.lculated values could be expressed as : 
I = - 2.534 + 0.064 X 
The growth r a t e of the f ish was found to be high during 
1 s t and 2nd years of l i f e a f t e r which the r a t e decreased gradually 
upto the age group 711. Both sexes showed a similar growth r a t e 
and a t t a ined a s imilar longevi ty . Lee* s phenomenon of apparent 
changes in grov/th r a t e was also recorded. 
Growth of the f ish confirmed the Von Bertalanffy* s growth 
equation and could be expressed as 
Lt = 450 ( l - e - ° - 2 l 6 5 ( t ^0.5963)^ 
Seasonal growth curve was chiefly influenced by feeding 
i n t e n s i t y in the f ishes of f i r s t year -c lass while in adul t f i shes 
the seasonal growth curve was affected by feeding i n t ens i t y as 
v;ell a s maturation of gonads. 
P l a t e 1. Tota l len^'^th o£ t he f i s h : 206 nm 
shows one r i n g . 
P l a t e 2. Tota l len^ t l i of t h e f i s h : 245 am 
shov/s two r i n g s . 
P l a t e 3 . Total len.-^th of the f i d i : 266 aun 
shov;s t h r e e r i n ; j s . 
P l a t e 4 . Tota l l e n g t h of t h e f is l i : 511 mia 
shov/s fou r r i n g s . 
P l a t e 5. Total l e n g t h of the f i s h : 365 on 
shov/s f i v e r i n g s . 
P l a t e 6. Total l eng th of t h e f i s h : 429 mra 
shov/s s i x r i n g s . 
P l a t e 7. Tota l l e n g t h of t h e f is l i : 443 mm 
shov/s seven r i n g s . 
P L A T t l . PLATE Z PLATE 3 
PL ATE 4 PLATE 5" PLATE 
PLATE? 
Pig. 12. Percentage of scales of L. "bata vdiii 
marginal r ings . 
Fig. 13. Body lengtli scale length re la t ionsh ips 
of L. bata . 
Pig. 14. The growth curve of L. "bata. 
(The "upper curve represents the average 
length a t each age and the lower curve 
represents the average grov/th increment 
a t each age) . 
Pig. 15. Absolute grov/th curve representing the weight 
a t the time of the foraiation of the f i r s t seven 
annuli of L. ba ta . 
Pig . l6. Change in the instantaneous (si^ecific) grov/th 
r a t e (expressed as percent of t o t a l length 
per annum) of L. bata \^ d•th age. 
P ig . 17. Pord Walford p l o t of grov/th of L. bata . 
Pig. 18. Log (LQC - I t ) p lo t t ed against age for estimation 
of ®' t ' in L. bata . 
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t T OTl *hV» t-
I'i. KJXJL. KJXX J ^ — 
Oc-tober 1972 
I ' loveaber 
December 
Januar j r 1975 
F e b r u a r y 
I l a r ch 
A p r i l 
Hay 
J u n e 
J u l y 
Augus t 
Sep tember 
O c t o b e r 
ITovember 
December 
Januar-y 1974 
F e b r u a r y 
I l a r ch 
A p r i l 
Hay 
J u n e 
J u l y 
A u ^ ^ s t 
o e p t o i b e r 
C c t o o e r 
FI.iST 
II ean 
l e n g t h 
(mn) 
250 
258 
245 
237 
242 
248 
255 
259 
261 
252 
242 
244 
248 
252 
246 
260 
262 
265 
260 
261 
269 
260 
253 
-
270 
II3AR 
>j of t o t a l 
a n n u a l 
growth 
» 
3 . 2 
- 5 . 0 
- 5 . 0 
2 . 3 
2 .4 
2 . 8 
1.5 
0 . 7 
- 3 . 4 
- 3 , 9 
0 . 3 
1,6 
1.6 
2 . 3 
5 .6 
0 . 7 
1.1 
- 1 . 8 
0 . 3 
3 .0 
- 3 . 5 
0 . 7 
-
— 
SECOKD YSAii 
1.1 ean 
l e n g t l i 
(mm) 
268 
272 
274 
264 
258 
271 
281 
284 
287 
285 
278 
285 
286 
290 
274 
281 
282 
286 
284 
289 
298 
289 
286 
-
290 
% of t o t a l 
a n n u a l 
grov;th 
•-
1.4 
0 . 7 
- 5 . 6 
- 2 . 2 
5.0 
3 .6 
1.0 
1.0 
0 .6 
- 2 . 4 
2 .4 
0 . 3 
1.3 
- 5 . 5 
2 .5 
0 . 3 
1.4 
- 0 . 6 
1.7 
2 .4 
- 3 . 0 
- 1 . 0 
-
-
THIRD 
LI ean 
l e n g t h 
(mm) 
321 
328 
318 
-
302 
310 
319 
325 
324 
315 
316 
318 
526 
529 
525 
-
525 
526 
520 
542 
545 
539 
325 
-
540 
YIHAR 
fo of t o t a l 
annual 
growth 
«• 
2 . 1 
-3 .0 
-
-
2.6 
2 .9 
1.8 
-0 .5 
-2 .7 
0 . 3 
0 . 6 
2 . 5 
o.g 
- 1 . 8 
-
-
0 . 3 
- 1 . 8 
6 . 8 
0 . 3 
-1 .7 
-3 .0 
-
-
CHAPTER V 
FOOD AND FEEDING HABITS 
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IITTRODUCTION 
The study of food and feed ing h a b i t s of f i s h e s i s a s 
old a s t h e f i s h e r y s c i ence . Most of t h e s e i n v e s t i g a t i o n s 
r e p o r t the food of the f i s h and i t s v a r i a t i o n with season, sex 
and s i z e of a s i n g l e spec i e s i n an environment. Pew accoun t s 
a r e a l s o a v a i l a b l e on the eco log i ca l a s p e c t s l i k e i n t e n s i t y of 
feeding and f a c t o r s a f f e c t i n g i t ( I v l e v , 196I ) , food s e l e c t i o n 
(A l l en , 194i; Hess and Swartz, 1941; Lewis et a l . I96I and 
Cramer and Marzolf , 1970) and feed ing r e l a t i o n s h i p and competi-
t i o n ( H a r t l e y , 1948; Thomas, 1962; Mai t l and , 1965 and IChan and 
S idd iqu i , 1973). 
Prom I n d i a the food and feeding h a b i t s of t h e fo l lowing 
f reshwater f i s h e s have been r e p o r t e d : Labeo r o h i t a ( S a r b h i , 1939; 
Das and ivioitra, 1955a, 1955b and V a s i s h t , I960) , major c a r p s 
(Mookerjee and Ghosh, 1945), C i r rh ina mi l gala (Chakrabar ty and 
S in /^ , 1963)» Pangas ius pangas iu s (David, 1963), Gatla c a t l a 
(Na ta ra jan and Jh ing ran , 1963)» Ophicephalus p u n c t a t u s , Barbus 
stigma and C a l l i c h r o u s b imacula tus (Qayyura and Qasim, 1964a, 
1964b and 1964c) and Llystus seenghala ( S a i g a l , 1964). A d e t a i l e d 
account of food and feeding h a b i t of Labeo r o h i t a has been given 
by Khan (1972) . 
I n s p i t e of cons ide rab le importance of L, b a t a a s a food 
f i s h n o t h i n g i s known about the d i e t of t h i s s p e c i e s e i t h e r i n 
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t h e r i v e r s or l a k e s . Therefore a d e t a i l e d study of the food 
and feeding h a b i t s of L. "bata i n r i v e r Ka l i was made and r e p o r t e d 
h e r e . 
MATEBIALS AI'JD METHODS 
Monthly samples were ob ta ined f o r a p e r i o d of 25 months , 
from October, 1972 to October, 1974 and a t o t a l number of 575 
specimens of Labeo b a t a , 70 mm t o 415 mm ( t o t a l l eng th ) were 
examined. The f i s h e s were caught by g i l l n e t s dur ing t h e e a r l y 
hou r s of morning and brought to tlie l a b o r a t o r y i n i c e . 
Each f i s h was measured u p t c t h e n e a r e s t m i l l i m e t e r from 
t h e t i p of t h e snout to t h e l o n g e s t ray of caudal f i n , weighed 
n e a r e s t to 0 .1 g and sexed. S t a t e of ma tu ra t i on was detemiined 
fo l lowing t h e scheme of c l a s s i f i c a t i o n used fo r Ophicephalus 
TDunctatus (Qayyum and Qasim, 1964a). The gu t s were taken out 
c a r e f u l l y from the oesophagus t o the l a s t p a r t of i n t e s t i n e , 
weighed up to n e a r e s t 0.5 g and p r e s e r v e d i n 10/^ formal in . 
For t h e a n a l y s i s of gut con ten t of the f i s h e s , s eve ra l 
methods have been followed which have been c r i t i c a l l y reviewed 
by Hynes (1950) and P i l l a y (1952) . During t h e p r e s e n t i n v e s t i -
g a t i o n number method a s desc r ibed by Al len (1938 and 1941), F r o s t 
(1939) , P r o s t and Went (1940) , Radfor th (1940) , Hynes (1950) and 
Khan (1972) was followed. 
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Pood i t ens were general ly found uniformly d i s t r ibu ted 
througliout the alimentary canal and for t h i s reason i t was 
necessary to examine the whole gut contents . Five p ieces of 
the gut, each measuring ahout 50 mm were taken from di f ferent 
p a r t s of the gut (Pore, mid and hind) in a pe t r i - d i sh contain-
ing known quantity of water and a l l the food was removed care-
fu l ly . I t was then thoroughly mixed and out of t h i s 0.5 ml 
v/as taken on a s l ide with the help of a graduated dropper and 
examined under the microscope. 
As far a s poss ib le , var ious planktonic feed items were 
i d e n t i f i e d up to generic l eve l and counted. Their r e l a t i v e 
abundance was expressed as percentage of t o t a l number of food 
items in the sample. The process was repeated by examining 
another sample of 0.5 ml and a mean of the two was obtained. 
However, the percentage of decayed organic matter and sand and 
mud were decided by eye estimation and i t was found tha t a f t e r 
a good p r a c t i c e , i t gave sa t i s fac tory r e s u l t s . 
The i n t ens i t y of feeding was studied by determining the 
gastro-somatic index (gut w e i ^ t expressed as percentage of body 
wei{^t) . The number of f ishes \d.th empty guts were a lso noted 
in each month and expressed as the percentage of t o t a l number of 
f ishes examined in tha t month. 
The food select ion and a v a i l a b i l i t y of food was studied 
by the method described by Iv lev ( I 9 6 l ) . The "S lec t iv i ty Index 
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( i l ) " was c a l c u l a t e d by the fo l lovdng formula: 
r i - p i 
B = 
ri + pi 
Where ' i l * i s the r e l a t i v e con ten t of any i n g r a d i e n t i n the 
r a t i o n expressed a s pe rcen tage of v/hole r a t i o n and ' p i ' i s 
t he r e l a t i v e va lue of the same i n g r a d i e n t i n the food complex 
of environment expressed a s p e r c e n t a g e . The v a l u e of ' E ' may 
range v/i thin a l i m i t of - 1 to +1 , the former denotes a complete 
n e g a t i v e s e l e c t i o n while the l a t e r i n d i c a t e s t h e e x c l u s i v e 
. p o s i t i v e s e l e c t i o n for a food. A va lue of 0 r e p r e s e n t s a 
complete absence of any s e l e c t i o n . 
The con t en t s of the h ind gut were a l s o examined c a r e f u l l y 
to a s c e r t a i n the p resence of u n d i g e s t e d food m a t t e r . The s t a t e 
of d i g e s t i o n and importance of v a r i o u s a l g a l food organisms, were 
r ecorded . 
RESULTS 
From the study of organs of feeding and t h e i r s t r u c t u r a l 
m o d i f i c a t i o n s , i t becomes c l e a r t h a t t h e f i s h i s h e r b i v o r o u s , 
feeding mainly upon a q u a t i c v e g e t a t i o n and phy top lahk ton . The 
mouth, l i p s , buccal c a v i t y , g i l l ralcers and gut a r e wel l adap ted 
for t h i s mode of feed ing . Absence of t e e t h , depressed buccal 
c a v i t y , absence of tongue, modif ied g i l l r a k e r s for s e i v i n g and 
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f i l t r a t i o n of phytoplankton , absence of t r u e stomach, shows 
t h a t t h e s e f i s h e s a r e h e r b i v o r o u s . 
fOOU CCMPOSITION' 
Pood composit ion and i t s v a r i a t i o n v;ith season: 
Pe rcen tage occurrence of d i f f e r e n t food i t a n s i n d i f f e r e n t 
months of t h e year i s given i n Table 18 and p r e s e n t e d g r a p h i c a l l y 
i h F igure 20. 
The a n a l y s i s of gut c o n t e n t s shov;ed t h a t green a l g a e , 
diatoms, b l u e green a l g a e , d e s m i d s j p h y t o f l a g e l l a t e s , a l g a l spores 
and zygo te s , macrovege ta t ion , decayed organ ic m a t t e r , r o t i f e r s 
and p ro tozoans were the main food i t ems of a d u l t f i s h e s . I n 
f i n g e r l i n g s zooplankton v;ere found to be the main food bu t a s 
the f i s h e s grew thej changed t h e i r feed ing h a b i t s from zooplank-
t o n i c to phytoplanl i tonic food i t e m s . These food i t ems were 
i n v a r i a b l y found a long with t h e sand and mud v/hich i n d i c a t e d t h a t 
they were consumed from the bottom zones . 
Phytoplankton formed t h e main bulk of t h e food of t h e 
a d u l t f i s h and occurred throughout t h e p e r i o d of study i n c o n s i -
derab ly l a r g e amounts. I t c o n s t i t u t e d about 60^ of the t o t a l food. 
Green a l g a e and diatoms formed the two major components of t h e 
phy top lank ton ic organisms c o n s t i t u t i n g more than 40^3 of t h e t o t a l 
food. 
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&REEI'T AliGAS (Chlorophyceae) 
I n L. ba t a green a l g a e c o n s t i t u t e d about ^6fo of t he t o t a l 
food. Spirofcyra was the most impor tan t green a l g a , occu r r ing 
r e g u l a r l y i n the gut of t h i s s p e c i e s . I t vjas i n g r e a t e r p ropor -
t i o n s i n the months from January to May i n both t h e y e a r s . 
Scenedesmus and Crucigenia were o ther impor tan t food i t ems and 
occurred c o n s i s t e n t l y . Ankistrodesmus, Te t r a spo ra , Ped ias t rum, 
Selenastrum and Oedorconium were of l e s s e r importance (Table 18) . 
DIATGJS (Bac i l l a r i ophyceae ) 
Diatoms formed about 20$S of the t o t a l food. They occurred 
f a i r l y i n l a r g e amounts throughout t h e p e r i o d of i n v e s t i g a t i o n . 
The c o n t r i b u t i o n of Navicula was maximum among a l l diatoms t h r o u ^ -
out the p e r i o d of study and i t c o n s t i t u t e d about 7% of t h e t o t a l 
d ia toms. Next to Navicula were G y c l o t e l l a , Diatoma, N i t z s c h i a 
aj^d Gyro s i ana. Except G-yro sigma, which was n o t r ecorded i n few 
months, r e s t of t he se genera were found i n a l l t h e months 
(Table 18) . Synedra and S u r i r e l l a were recorded only i n few 
months. Cymbella and Cocconeis were a l s o found i n c o n s i d e r a b l e 
am oun t s ( Tabl e 18) . 
BLUE GRSEN ALGAE (I.Iyxophyceae) 
Blue green a l g a e were a l s o encountered a l l t he y e a r round 
except i n few months. M i c r o c y s t i s and Phormidium were t h e main 
c o n s t i t u e n t s of b lue green a l g a e . Mostoc and Anabaena were a l s o 
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encountered dur ing most of t h e months "but t h e i r pe r cen t age were 
very low. 
DSaGSS (Besmidiaceae) 
Only two genera Cosmarium and Closter ium were recorded 
and t h e s e two genera c o n s t i t u t e d ahout 2% of the t o t a l food. 
PHYTOMiAGELLATES 
Volyox form.ed only ^$ of t he t o t a l food o c c u r r i n g only 
i n few months. 
AliGAX SPORES. ZYGOTES AND MACKOVH S^TATION 
Algal spores and zygo te s , though formed a p o r t i o n of t h e 
d i e t of 1 . "bata, occurred t h r o u ^ o u t the p e r i o d of s tudy. Macro-
v e g e t a t i o n which inc luded p o r t i o n s of h i ^ ^ e r a q u a t i c p l a n t s and 
decayed organic m a t t e r of d i r t y green or brown co lour , a l s o formed 
a s i g n i f i c a n t p o r t i o n (pe rcen tage ) of the d i e t and occurred 
throughout the yea r . 
RCTIgERS 
K e r a t e l l a v/as found i n a very low pe rcen tage and occurred 
only i n few months. 
SAt'TD AI-ID I'lUD 
The q u a n t i t y of sand and mud was ve ry h i g h . I t c o n s t i t u t e d 
about 28^; of the t o t a l food. 
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good composit ion and i t s v a r i a t i o n with size? 
The food of d i f f e r e n t s i z e groups of L. b a t a (Tab le 19) 
r ang ing from 200 to 450 mm vary^ s i g n i f i c a n t l y . The food of -
f i s h e s below 200 mm was n o t i nc luded i n t h i s t a b l e . Hoviever, 
the f i s h e s below 200 mm were found to feed mainly on zooplankton 
(Table 20, Column l) , while the l a r g e r f i s h e s consumed b i g g e r 
a l g a e , macrovegeta t ion and decayed organic m a t t e r . 
gOOS SELBCTION 
Food p r e f e r e n c e s of 110 f i n g e r l i n g s and 205 a d u l t of 
L. ba t a v;ere i n v e s t i g a t e d . The pe r cen t ages of v a r i o u s food i t ems 
i n ga t c o n t e n t s ( r i ) , pe r cen t age of t h e same i t ems i n t h e envi ron-
ment ( p i ) and E l e c t i v i t y index (E) of f i n g e r l i n g s and a d u l t s of 
L. ba t a a r e t a b u l a t e d i n Table 20. Figure 24 shov;s E l e c t i v i t y 
i n d i c e s of d i f f e r e n t major groups of food i t e m s . A s t r ong 
p o s i t i v e s e l e c t i o n for a l l t he zooplahktonic organisms and fo r 
some sma l l e r phytoplahkton l i k e destnids, p h y t o f l a g e l l a t e s and 
a l g a l spores and zygotes vra.s snown by f i n g e r l i n g s . Other phy to-
p l a n k t o n s , l i k e green a l g a e , diatoms and b lue green a l g a e , were 
n o t p r e f e r r e d and were i n low p r o p o r t i o n . R o t i f e r s ( K e r a t e l l a , 
Brach ionus ) . Cyclops (_C. s t r e n u s , G, v i r i d i s ) and Oladocerans 
( Daphnia, Cera to-daphnia , Iloina) were consumed h e a v i l y . 
On t h e o ther hand a d u l t s showed a s t rong p o s i t i v e s e l e c t i o n 
f o r a l l t h e phytoplanl i tonic organisms. G-reen a l g a e and diatoms 
were t h e most p r e f e r r e d food organisms. Zooplanlctonic organisms, 
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l i k e p ro tozoans , r o t i f e r s and c r u s t a c e a n s , were avoided and 
consequent ly v a l u e s of ' E ' were found to be n e g a t i v e (Table 20, 
F i g . 24) . 
Va r i a t i on i n food with sex: 
No s i g n i f i c a n t d i f f e r e n c e was no ted i n t h e food composi-
t i o n of males and females . 
IHTSMSITY 0? FBEDIHG: 
I n t e n s i t y of feedj.np; i n r e l a t i o n to season: 
Gas t ro-somat ic i n d i c e s ( a l i m e n t a r y canal weight a s pe rcen-
t a g e of body w e i ^ t ) of L. ba t a a long with t h e p e r c e n t a g e s of 
empty gu ts a r e given i n Table 21 and r e p r e s e n t e d g r a p h i c a l l y i n 
f i g u r e 21 . The v a l u e s of g a s t r o - s o m a t i c i n d i c e s were found t o 
be i n v e r s e l y p r o p o r t i o n a l to the pe r cen t ages of empty g u t s . 
Ilinimum i n t e n s i t y of feeding was recorded dur ing t h e monsoon 
months (Juno to September) and most of t he g u t s e i t h e r con ta ined 
l i t t l e food or were empty. The feeding a c t i v i t y i n c r e a s e d i n 
October and a c t i v e feed ing was recorded up to February . From 
Llarch onvra.rd the feeding i n t e n s i t y dec l ined and reached i t s 
l owes t l e v e l dur ing t h e monsoon months. 
I n t e n s i t y of feeding i n r e l a t i o n to s i z e : 
The average feed ing i n t e n s i t y and pe rcen tage of empty g u t s 
a t each s i z e c l a s s of L. b a t a a r e given i n t a b l e 22 and shown i n 
f i g u r e 22. I t may be no ted t h a t the feeding i n t e n s i t y i n c r e a s e d 
a s t h e f i sh i n c r e a s e d i n s i z e and reached the h i g h e s t l e v e l i n 
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c l a s s I I I (251-200 mm). Afterwards the feed ing i n t e n s i t y 
decreased and cont inued a t a moderate r a t e . 
I n t e n s i t y of feeding i n r e l a t i o n to sexual cycle*• 
The i n t a k e of food sub jec t to s i g n i f i c a n t v a r i a t i o n s 
from season t o season. This v a r i a t i o n to a l a r g e e x t e n t , seems 
t o be c o r r e l a t e d with t h e b reed ing season of t h e f i s h e s . Feed-
i n g i s cons iderab ly reduced i n r i p e f i s h e s , p a r t i c u l a r l y i n 
females . 
Table 23 and f i g u r e 23 show t h a t i n both t h e sexes t h e 
i n t e n s i t y of feeding was h i g h e r i n immature f i s h e s (S tage I ) . 
I n t e n s e feeding vra.s a l s o recorded i n matur ing and r i p e n i n g 
( s t a g e I I & I I I ) f i s h e s whereas the r i p e f i s h e s consumed l e s s 
amount of food. 
I n t e n s i t y of feeding i n r e l a t i o n to sext 
A n o t i c e a b l e d i f f e r e n c e was observed i n t h e feeding 
i n t e n s i t y of the two sexes dur ing the spa\Nniing p e r i o d . The 
i n t e n s i t y of feeding i n males was h i g h e r than t h e females dur ing 
the spawning months and a s a whole feed ing was found b e t t e r i n 
males throughout the yea r than i n the females . 
DI SOI SSI OH 
The predominant occur rence of ^reen a l ^ e , diatoms, b l u e 
green a l g a e , desn ids , p h y t o f l a g e l l a t e s , a l g a l spores and zygotes 
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and macrovegetation in the gut of L. bata strongly suggests 
tha t t h i s species feeds mostly on p lant mat ter . I t was noted 
tha t the fish gorged t h e i r gut with fine and soft decayed 
organic matter , fresh a lgae , diatoms, along with sand and mud. 
The herbivorous type of feeding habi t i s a lso supported by the 
structura.l modification of the organs of feeding. 2ooplanli:ton 
formed a very small proportion of the d ie t t h o u ^ i t foimed 
the main bulk of the food of f inger l ings . The zooplani:tonic 
organisms are negatively selected and the occurrence of r o t i f e r s , 
crustaceans in the guts may be acc identa l . The presence of sand 
and mud in the gut of these f i shes , furnishes evidence about t h e i r 
feeding a t the bottom. 
In fac t , unl ike marine h a b i t a t s , the ecological zones in 
the freshv/aters based on physical and chemical na ture of water 
and fauna and f lora inhab i t ing i t , a re not sharply demarcated 
from each other. Larkin ( 1956) while commenting on the vague 
demarcation of the fish fauna of the ecological zones in fresh-
v/ater environment, s ta ted tha t a sharp demarcation of the f ish 
fauna within these zones i s not possible and concluded tha t 
freshwater communities would seem to be character ised by more 
breadth tlian the hei 'jht - the pyramid of food chain - a complexity 
in horizontal organisa t ions . Therefore, i t becomes qui te 
d i f f i cu l t to conclude whether 1 . bata feeds a t one zone or other . 
The sharp demarcation of zones becomes difTicul t in sliallou 
r i v e r s and the fisli can explore a l l the zones v e r t i c a l l y , very 
eas i ly . 
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Relat ive importance of different food o r g a n i c s varied 
from month to month. Such va r i a t ions are due to var ied produc-
t ion of the food items in the environment. The percentage of 
food items var ied from month to month and a p a r t i c u l a r type of 
food item tends to he maximum a t a p a r t i c u l a r time and t h i s i s 
due to succession of species in the populat ion. 
The appearance of different types of algae in gut contents 
in different months of the year depends on t h e i r . a v a i l a b i l i t y 
ra ther than on select ion hy the f ish. L. hata i s a non-migratory 
fish and remains in one hab i t a t throughout i t s l i f e and has to 
adapt to the food ava i lab le in the r i v e r s during dif ferent 
seasons of -tiie year. The more readi ly ava i lab le the food 
organism, the more i t i s taken by tlie f i sh . 
The occurrence of phytoplankton in the gut of the fish 
v/as recorded throu^iout the year, and i t s t o t a l percentage almost 
remained the same. I f the occurrence of one grour) v;as in l e s s e r 
quant i ty , i t vra.s replaced by another group of phytopla3alcton. 
Except desmids, a l l the major groups of phytoplanlcton were alvjays 
found consis tent ly in the gut of tlie f i sh . 
The occurrence of decayed organic matter , d e t i l t u s 
( seston) in the ,'?it was qui te high in monsoon months and the 
incoming flood v/ater appears to be the main source of organic 
matter . The percentage of decayed organic mat ter was qui te low 
during vanters . 
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Fishes a re knovm to change the i r feeding hab i t s as they 
grow. Nikolsky (1963) suggested that va r i a t ion in the composi-
t ion of the food with age and s ize i s a subs tant ia l adaptation 
towards increas ing the range of food supply of population by 
enabling the species as a v/hole to ass imi la te a var ie ty of food. 
Alikunhi (1952) and Mitra and Mahapatira (1956) a f t e r experimental 
s tudies on the feeding of fry of major carps concluded tha t fry 
fed mainly on zooplankton and avoided phytoplanicton. Khan (1972) 
a lso found zooplankton as the dominant food of fry and finger-
l i n g s of major carps (L. r oh i t a , G. mrigala ajid _C. cat la) and as 
the fish grew i t gradually changed i t s food from zooplankton to 
phytoplankton in the f i r s t tv;o species while the l a t e r remained 
pr imari ly a zooplankton feeder. 
Smaller f ishes were found to consume crustaceans, r o t i f e r s 
and protozoans. Among phytoplankton smaller forms of algae l i k e 
desmids, phy tof lage l la tes , Mavicula, Cyclotel la , and Scenedesmus 
were preferred by staaller f ishes v/hile filamentous algae l i k e 
ST)irogyra and Zygnema were eaten mostly hj the b i^ j e r f i shes . 
?rora t h i s study i t become quite evident tha t L. bata def in i te ly 
feeds se lec t ive ly , ^he se lect ion of food items talces place a t 
two stages of the l i f e , a t f inger l ing stage they selected 
against most of the phytoplanktonic organisms while in the 
second stage (adul t ) they selected a -^ ins t the zooplanktonic 
or-^uiisms. 
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There appears to be no p a r t i c u l a r preference for any 
p a r t i c u l a r species of phytoplanlctons, a s the fish feed on 
avai lab le ones. Bhatnagar and Karamchandani (1970) a l so reported 
similar condition in case of Labeo f imbriatus . Prakash (1962) 
found in saLiion tha t i t s food changes with i t s l o c a l i t y and time 
( season) and sometimes v;hen the normal food was not ava i l ab le , 
salmon would feed on a l t e r n a t e food. Iv lev (196I) suggested 
tha t the tendency of a p a r t i c u l a r animal to consume cer ta in food 
i t s n s se lec t ive ly in comparison to o thers , i s determined by i t s 
inherent p rope r t i e s . 
Feeding re la t ionsh ip and competition for food among the 
species of the same community special ly a l l i e d species has been 
discussed by many workers and reviewed by Hartley (1948), Hilson 
(1957) and Thomas (1962). Hartley (1947) and Prost (1950) found 
tha t some of the closely r e l a t e d species occupy almost similar 
feeding niche within the community. Hartley (1948) s ta ted tha t 
such community cons i s t s of a number of generalized feeders 
for-aing a closely organized assemblage dist inguished by no more 
than varying p roper t i e s in which they draw the cons t i tuents 
from a comaon stock. 
The present study sliows tha t there i s no t rue i den t i t y 
of food hab i t s between L. bata and L. gonius and they appear to 
occupy the same feeding niche. However, \-ath the present s t a t e 
of knowledge i t i s very d i f f i c u l t to demonstrate whether there 
i s any i n t e r - spec i e s competition or not . 
- 66 -
Khan ( 1972) s ta ted tha t there vra,s a competition for 
food among the f inger l ings of L. roh i t a , _C. mrigala and _C. ca t la 
"because a l l of theiu were found to feed on similar types of zoo-
plankton and a s they grew they changed t h e i r feeding h a b i t s . 
The feeding on zooplankton was for a short time and t h i s change 
in the feeding hab i t s may be judged in the l i ^ t of Lack's (1945) 
statement tha t v/hen a p a r t i c u l a r type of food i s in short supply, 
then only one species wil l survive and under such conditions 
each species turns to a d i f ferent feed and t h i s way there would 
be no competition. 
Like other t rop ica l f i shes , the i n t e n s i t y of feeding of 
adul t L. bata was a lso affected by maturat ion. Lov; feeding from 
March upto June v/as due to development of gonads and duilng peak 
r ipeness (June) , the minimum feeding took p lace . Feeding 
i n t ens i t y was a l so low during monsoon months. Suseelan and 
Somasekharan (1969) a lso reported similar feeding rhythm in 
demersal f ishes of Bombay. 
The r a t e of food intake increased in the post monsoon 
months. This increase in the food in take can be associa ted vath 
the s tabl i sed conditions of the environment when more food becomes 
ava i l ab le . The spent f ishes consume more food to recover from 
the exhaustion and for gonad bui ld ing. 
Almost the same i n t e n s i t y of feeding was observed in both 
the sexes. The temperature v;as not found to influence the in take 
of food. 
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SUI.RIARY 
The food of L. bata (Ham.) cons is t s chiefly of phyto-
plankton (green algae, diatoms, blue green algae, desmids, 
phytof lage l la tes , a lga l spores and zygotes) , macrovegetation 
and decayed organic matter ( Seston). Zooplanlcton are very 
r a r e in the d ie t of the adul t f i shes . Hov;ever, zooplanktons 
are the main food of f inger l ings and a s the fish grew, they 
changed t h e i r feeding hab i t s from zooplankton to phytoplanlcton. 
Green algae and diatoms were the most important food items and 
const i tu ted about AOfj of the t o t a l food. The stomachs of a l l 
the f ishes contained sand p a r t i c l e s which were ingested while 
feeding a t the bottom. 
The i n t ens i t y of feeding was found to be maximum during 
post-monsoon (October-ITovember) and winter months (December-
February) ajid low during post-winter (March-April) , summer (May 
and June) and monsoon months (July-August) . The increased feed-
ing in t ens i ty in winter corresponds to a period of a lga l blooms 
in the vra.ter. During rainy season, the r i v e r gets flooded and 
contains l e s s amount of food and t h i s appears to influence the 
feeding i n t e n s i t y . Besides, the maturation of gonads was a lso 
found influencing'^ the feeding i n t e n s i t y . Llinimum food intake was 
found in r ipe f i shes . 
Ho difference was noted between the food of males and 
females. 
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L, bata was def in i te ly se lec t ive in feeding as the 
f ingerl ingo showed a p o s i t i v e select ion for a l l the zooplahk-
tonic organisms while the adul t showed a negative select ion 
for a l l the zooplanktons and a pos i t ive select ion for a l l the 
phjrtoplanlctonic organisms. 
Fig. 20. Seasonal va r i a t i ons in the percentage 
coTipOGition of food of L. bata. 
Pig. 21. Seasonal variations in the intensity of 
feeding of 1. bata. 
?ig. 22. Variations in the intensity of feeding 
vdth the size of L. bata. 
Fig. 23. Variations in the intensity of feeding 
with maturity stages of L. "bata.. 
Fig. 24. The elect ivi ty indices (E) of different 
groups of food items. 
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PERGSLTTAGS OF DIPFSdSTT K)OD IT i l lS IK THE GUT CONTENTS (r f . ) IN THE EI^I¥IR0iri.iI2TT ( p i ) M D ELECTI7ITY 
INDEX (E) OP L . BATA 
Pood i t e m s 
0 edogoniuEi 
P e d i a s t i u m 
S e l e n a s t inm 
Anki s t 3?o de snu s 
Scenedesmus 
S p i r o g y r a 
T e t r a s p o r a 
C r u c i g e n i a 
&RESI ALGAE 
C y c l o t e l l a 
Diatoma 
I l i i ^ l ch i a 
Kavi c a l a 
Cym'bella 
G y r o s i g a a 
C o c c o n e i s 
Synedra 
S u r i r e l l a 
DIATOIIA 
I Jos toc 
Anabaena 
I l i c r o c y s t i s 
Phojsnidium 
BLUE GREW: ALGAE 
Gosail tun 
C l o s t e r i u m 
DESLIIDS 
Volvox 
S u ^ e n a 
PHYTOPLAGSLLATES 
ALGAL SPORES & ZYGOTES 
A r c e l l a 
PROTOZOAL 
K e r a t e l l a 
Bra -ch ionus 
ROTIFERS 
C y c l o p s 
Daphnia 
CRUSTACEANS 
5^  i n g u t 
c o n t e n t s 
(n) 
-
2.0 
1.0 
-
1.8 
1.2 
-
-
6 . 0 
2 . 5 
2 . 2 
0 . 7 
3 . 5 
0 . 5 
-
0 . 5 
0 . 7 
-
10.6 
-
0 . 1 
-
1.0 
1.1 
3 .9 
7 .5 
11.4 
2 . 7 
6 . 0 
8 . 7 
11.5 
5 . 1 
5 . 1 
10.1 
9 . 0 
19.1 
17.5 
9 . 0 
26.5 
P i n g e r l i n g s 
5o i n environ-
ment 
( p i ) 
2 .9 
3 .0 
1.4 
2 .0 
2 . 8 
3 .9 
1.5 
1.0 
18.5 
1.2 
1.0 
0 . 9 
2 .6 
1.1 
0 . 6 
0 . 6 
1.1 
0 . 9 
10.0 
1.4 
2 . 1 
3 .0 
2 . 8 
9 . 3 
0 . 6 
3 . 8 
4 . 4 
3 .9 
4 . 2 
9 . 1 
6 . 5 
8 .4 
8 .4 
13.5 
6 .6 
20.1 
7 .9 
5 . 8 
13.7 
ELec t iv i t y 
index 
(E) 
-1 .0000 
-0 .2000 
-0 .1666 
-1 .0000 
-0 .2073 
-0 .6585 
-1 .0000 
-1 .0000 
-0 .5102 
0.3512 
0.3750 
-0 .1250 
0.1475 
-0 .8750 
-1 .0000 
-0 .0909 
-0 .2222 
-1 .0000 
0.0291 
-1 .0000 
-0 .9090 
-1 .0000 
-0 .4736 
-0 .7961 
0.7333 
0.3274 
0.4545 
-0 .1818 
0.1764 
-0 .0224 
0.2777 
-0 .2444 
-0 .2444 
-0 .1440 
0.1538 
-0 .0255 
0.3779 
0.2162 
0.3366 
% i n gu t 
c o n t e n t s 
(n) 
3 . 8 
3 . 4 
2 . 4 
3 . 0 
4 . 0 
2 . 8 
7 .0 
4 . 1 
30.8 
2 . 7 
2 .0 
0 . 6 
3 . 9 
1.8 
0 . 6 
0 . 7 
1.2 
1.0 
14.5 
1.6 
0 . 8 
2 . 7 
2 .0 
7 . 1 
1.8 
2 . 2 
4 . 0 
2 .0 
2 . 9 
4 . 9 
9 . 3 
2 . 9 
2 .9 
2 . 3 
0 . 3 
2 .6 
0 . 9 
1.2 
2 . 1 
Adul t s 
^ i n envi ron-
ment 
( p i ) 
2 . 9 
3 . 0 
1.4 
2 .0 
2 . 8 
3 . 9 
1.5 
1.0 
18.5 
1.2 
1.0 
0 . 9 
2 .6 
1.1 
0 . 6 
0 . 6 
1. 1 
0 . 9 
10.C 
1.4 
2 . 1 
3 . 0 
2 . 8 
9 . 3 
0 . 6 
3 . 8 
4 . 4 
3 . 9 
4 . 2 
9 . 1 
6 . 5 
8 . 4 
8 , 4 
13.5 
6 . 6 
20. 1 
7 .9 
5 . 8 
13.7 
ELec t iv i t y 
index 
(E) 
0.1343 
0.0625 
0.2631 
0.2000 
0.1764 
-0 .1641 
0.6470 
0.6078 
0.2494 
0.3846 
0.3333 
-0 .2000 
0.1733 
0.2413 
-
0.0769 
0.0434 
0.0526 
0.1836 
0.0666 
-0 .4482 
-0 .0526 
-0 .1666 
-0 .1341 
0.5000 
-0 .2666 
-0 .0476 
-0 .3220 
-0 .1830 
-0 .3000 
0.1772 
-0 .4867 
-0 .4867 
-0 .7225 
-0 .9130 
-0 .7709 
-0 .7954 
-0 .6571 
-0 .7341 
TABL3 - 21 
S-Ai3CuAh YAZEATIOirs IIC Tllil IKTSJSITY OF FE3DIK& Oi? L. BATA 
LI7\1E 2 Pja.iALS 
H on th s —^  ^ 
G . S . I . jo empty 5 G . S . I . /J empty 
gu t s 5 g u t s 
I 
O c t . 1972 
11 ov. 
Dec. 
J a n . 1973 
F e b r . 
LI a r c h 
A p r i l 
Llay 
J u n e 
J u l y 
Augus t 
S e p t . 
O c t . 
Nov. 
Dec. 
J a n . 1974 
IPehr. 
I larch 
A a r i l 
xlay 
June 
Ju ly 
August 
Sept . 
Oct . 
9 . 1 
8 .0 
6 . 2 
4 . 6 
5 . 8 
5 .6 
4 . 8 
4 . 2 
2 .6 
1.9 
1.5 
-
1.1 
4 . 7 
9 . 3 
5 .5 
3 .6 
7 . 3 
4 . 5 
4 . 1 
3 . 8 
2 . 2 
8 .7 
-
-
-
12.7 
57.1 
55.5 
66.6 
71.4 
100.0 
100.0 
100.0 
-
40.0 
-
-
-
-
51.5 
20.0 
45.5 
46.6 
55.5 
10.5 
9 . 7 
9 . 3 
6 . 8 
4 . 5 
4 . 9 
5 .1 
4 . 5 
2 . 7 
1.2 
0 . 9 
1.0 
6 . 1 
1.1 
7 . 3 
9 . 7 
5 .1 
5 .5 
9 . 5 
3 .9 
4 . 2 
3 .5 
1.4 
9 . 5 
-
-
-
18.1 
37.5 
14.2 
-
53.3 
• 4 2 . 8 
86.6 
99.9 
33 .3 
16.6 
20.0 
-
-
50.0 
32.5 
40.0 
37.0 
33.3 
100.0 
9 . 0 
5.5 5.0 6 .3 4 .0 
TABLE - 22 
VARIATIONS IIT THE IHTEI^ TSITY 0? FEEDIIfG lllTd SIZE 
Size group (mrri) Gas t ro - somat ic 
index 
10.95 
3.49 
4 .95 
4.74 
3.87 
2.74 
empty g a t s 
10.00 
25.86 
22.03 
22.41 
36.00 
37.50 
I 
I I 
I I I 
IV 
V 
VI 
150-200 
201-250 
251-300 
301-350 
351-400 
401-450 
TA3LS - 23 
VARIATIONS III THE INTEi^SITY OP FEEDING WITH LIATUEITY STAGES 
Matu r i t y 
s t age s 
I 
I I 
I I I 
IV 
V 
Sex 
Male 
Penal e 
i l a l e 
Female 
Hal e 
Female 
l\Ial e 
Fecial e 
Hal e 
Female 
Gas t ro - somat i c 
index 
4.80 
5.49 
5.54 
6.12 
4 .52 
4.76 
5.55 
1.90 
5.44 
4 .51 
io onpty g u t s 
6.81 
5.45 
8.33 
12.19 
5.71 
55.26 ^ 
75.92 
40.00 .. 
37.50 
CHAPTER 71 
REPRODUGTIOF 
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INTRODUCTION 
- The knowledge of r e p r o d u c t i v e "biology of a f i s h i s 
extremely impor tan t i n success fu l managanent and e x p l o i t a t i o n 
of i t s f i s h e r y . I n a "biosphere, t h e success and f a i l u r e of 
a spec i e s , l a r g e l y depends on i t s spawning p o t e n t i a l , Ind ian 
carps normally b reed i n monsoon months when t h e r i v e r s a r e 
f looded. Several workers a t t empted induced spawning i n t h e s e 
f i s h e s "by the i n j e c t i o n of p i t u i t a r y e x t r a c t s (Khan, 1938; 
Chaudhry and Al ikunhi , 1951". C!haudhury, I960, 1963; J h i n g r a n , 
1969; Chondar, 1970' and Anand, 1973), 
Laheo h a t a (Ham.) i s one of the impor tan t f reshv/ater 
caip of I n d i a . I n s p i t e of be ing an impor tan t f i s h , no account 
i s a v a i l a b l e on iiie r e p r o d u c t i v e b io logy of t h i s s p e c i e s . 
Hov/ever, some in fo rma t ions a r e a v a i l a b l e on v a r i o u s a s p e c t s of 
the r ep roduc t ive b io logy of ca rps and o the r f r e shwa te r f i s h e s 
(Khan, 1924, 1942; Ilora, 1945; Mazumdar, 1945; Mookerjee, 1945; 
Al ikunhi , 1953, 1956; Khanna, 1957; J h i n g r a n , 1961; Qayyum and 
Qasim, 196I; Chakrabarty and S i n ^ , 1963; ITatarajan and J h i n g r a n , 
1963; Parameswaran et a l . 1970 and Khan, 1972), 
The p r e s e n t study d e a l s with t h e sex r a t i o , spawning 
season, seasonal cycle i n gonad cond i t i on , gono-somatic index , 
s i z e frequency d i s t r i b u t i o n of mature oocyte dur ing d i f f e r e n t 
months and f ecund i ty . 
- 70 
I.IATBRIALS AITTD LISTIIODS 
samples for t h e p r e s e n t inves t ig8 , t ion were ob ta ined from 
the r i v e r K a l i , a t r i b u t a r y of the r i v e r Ganga, with the he lp 
of ca s t n e t s and drag n e t s i n t h e f i r s t week of each month. A 
t o t a l of 340 females and 255 males of d i f f e r e n t s i z e s v;ere 
examined over a p e r i o d of 13 months, from October , 1972 to 
October, 1973. 
Af te r r eco rd ing the l e n g t h , weight , and age of t h e f i s h , 
t he gonads were taken out and t h e i r s t age of ma tu ra t i on was 
a s s e s s e d . Sex r a t i o i n r e l a t i o n to s i z e , season and age was 
determined, u s i n g Chi-square a n a l y s i s . The n u l l h y p o t h e s i s of 
no s i g n i f i c a n t dev i a t i on from a 1:1 sex r a t i o was t e s t e d i n 
monthly samples and i n f i s h be longing t o d i f f e r e n t age 'groups. 
Size and age a t f i r s t m a t u r i t y a s well a s the s i z e a t which 505^ 
and above f i sh were mature was a l s o determined. Seasonal changes 
i n gonad condi t ion and gono-somatic index (gonad weight a s p e r -
centage of body v/eight) v/ere followed to determine spavming 
behaviour and ex ten t of b r eed ing season. The s i z e p r o g r e s s i o n 
of i n t r a - o v a r i a n oocytes was follov/ed from March to August. A 
p o r t i o n of the p re se rved (5/^ formalin) ovary was t e a sed a p a r t , 
and a l l the oocytes (500 to 1000) were measured with an occu la r 
micrometer . 
i 'ecundity was es t imated by g r a v i m e t r i c method. Af te r 
wei jhin-^ the two o v a r i e s on a S a r t o r i u s s i n g l e pan ba lance to 
wi th in 0.001 g, two small p o r t i o n s of the ovary (approximate ly 
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500 es?3) v;ere talcen, a c c u r a t e l y w e i r e d and then a l l the es5s 
were counted. A mean of the two counts was no ted and then m u l t i -
p l i e d by the t o t a l weight of t h e ovary. Fecundi ty , t o t a l l e n g t h 
of the f i s h , hody w e i ^ i t , ovary w e i ^ t and age v;ere examined by 
r e g r e s s i o n a n a l y s i s . 
RESULTS 
Sex r a t i o 
Of 578 specimens, 238 were males and 340 were females 
(Table 24) g iv ing a r a t i o of i : i . 4 2 , which did n o t d e v i a t e s i g n i -
f i c a n t l y from t h e h y p o t h e t i c a l d i s t r i b u t i o n of 1 :1 . A Chi-square 
t e s t of homogeneity based on combined data confirmed i t . There 
was no d e f i n i t e p a t t e r n of preponderance of any sex dur ing 
d i f f e r e n t months of t h e yea r . However, sex composit ion was 
r e l a t e d to s i z e (Table 26) and age (Table 25) . For example, a 
s i g a i f i c a n t preponderance of males over females was recorded i n 
age group 0, t h e r e a f t e r , t h e females outnumbered the males . I n 
age groups VI and 711 no males v;ere recorded . 
Stages of m a t u r i t y and s i z e and age a t f i r s t m a t u r i t y 
The gonads of L. b a t a were c l a s s i f i e d i n t o f i v e ma tu ra t i on 
s t ages according to s i z e , shape and co lour : 
( I ) immature; ( I I ) ma tu r ing v i r g i n s or recovered spen t s ; 
( I I I ) r i p e n i n g ; (lY) r i p e ; (V) spent . 
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The smallest r i pe male recorded vra,s 18 en and the smallest 
female 19 cm in length and bOfo of both sexes were r i pe v;hen the 
fish were 20 cm long (Tahle 26). 
Both sexes a t t a ined sexual maturity when they were about 
one year old. 
Spawning cycle 
The gonads showed a regular seasonal development with 
l i t t l e overlap between di f ferent maturation stages ( ? ig . 25). 
Pish with r ipening gonads f i r s t appeared in March and became 
predominant in April and May, In l a t e Llay and early June both 
sexes were ful ly r i p e . In l a t e July spent f ish appeared, t h e i r 
percentage increased in August and by September a l l f ish became 
spent. The progressive increase of spent f ish in Au'^st and 
September and the t o t a l absence of r i pe fish in September i n d i -
cates tha t the spawning i s r e s t i l c t e d to July and August. 
Spawning per iod ic i ty and spavming behaviour 
Ova diameter frequencies of L. bata ind ica te tha t the 
ovaries contain a single batch of ova, c lear ly separated from 
the immature stock (Pig . 26). 
The maturation of ova began in March when the average 
size of ova was 0.22 mm. In April the modal size of ova reached 
to 0.60 mm r i s i n g to 1.00 ima in iJay and to 1.50 in June. In l a t e 
July t h i s ova size c lass was laclcing in the ovaries of a few 
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ind iv idua ls , T^ ut by September a l l f ish lacked t h i s ova s ize 
c l a s s . Thus i t i s evident tha t each individual spavms only 
once in a breeding season which i s r e s t r i c t e d to a short period 
(July and August). 
In 1973 the onset of the monsoon took place in mid-July, 
followed by r i v e r flooding and h i ^ current ve loc i ty down-stream. 
Ripe f i sh , most probably stimulated 'by the strength of the current , 
migrated upstream and selected a su i tab le spawning ground in the 
adjoining inundated shallow areas where the ve loc i ty of water 
current was very low. Here both sexes congregated and spawning 
took place. After spawning the fish moved in to deeper ^^faters. 
Females formed 65.1/^ of the spa\ming populat ion. Successful 
spaiming then depends upon the a v a i l a b i l i t y of su i tab le spawning 
ground v/hich i s i n t u m control led by the extent of the monsoon. 
Gono-somatic index 
Seasonal v a r i a t i o n s in the gono-somatic ind ices of both 
sexes were qui te apparent (i"y-g. 27) and although similar p a t t e r n s 
were obtained, a more well-defined pa t te rn occurred in fenales . 
liaximum values were recorded in June with a s l i ^ t decrease in 
July, a considerable drop in August and minimum l e v e l s in 
September. Thereafter, tlie ind ices remained almost constant t i l l 
February. From Llarch onwards the values increased reacliing 
maximum l e v e l s again in June. 
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These cycl ic changes in gono-somatic ind ices a re fa r ther 
proof tha t the spai.'jning season i s qui te short l a s t i n g only two 
months in July and August. 
Fecundity 
Fecundity est imates are "based on 60 mature female i n d i v i -
duals caught in June and July . Fecundity var ied considerably 
from individual to individual and ranged from 10,040 to 870,000 
with an average of 192,785. Numher of ova per mm "body length , 
pe r g body weight and per g ovary weigjit were 517, 584 and 1078 
respec t ive ly . 
Fecundity and length of the f ish 
The re la t ionsh ip between the fecundity and length of the 
f ish was found to be parabol ic (Fig . 28) i . e . , F = aL''^ , and the 
fecundity could be r e l a t e d to body length by the equation: 
F = -2.814 + 5.8202 log X, (L = length) ( r = .87) 
Fecundity and bodv weight 
The re la t ionsh ip of fecundity to body v/eight was found to 
be l i n e a r (Fig. 29), and could be expressed by the following 
equation: 
F = 1.3938 + 1.6499 log W (W = body w e i ^ t ) ( r = .88) 
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Fecundity and ovary w e i ^ t 
A l i n e a r re la t ionsh ip v;as obtained between the fecundity 
and OTary weight (JPig. 30). The regression equation for t h i s 
re la t ionship i s : 
F = 3.1455 + 1.0184 log O.W. (OW = ovary w e i ^ t ) ( r = .92) 
Fecundity and age 
A l i n e a r re la t ionship was a lso obtained between fecundity 
and age (Fig . 31). The regression equation for t h i s re la t ionsh ip 
i s : 
F = -2.2630 + 5.7399 log A (A = age) ( r = .85) 
Discussion 
This study of cycl ic changes in the maturation and deple-
t ion of gonads, in t ra -ovar ian oocytes, and gono-somatic index 
c lear ly ind ica t e s a synchronous breeding in L. bata . The breed-
ing season i s short and l a s t s for tv;o months. This i s generally 
cha rac t e r i s t i c of those fish species which contain only one group 
of esgs in the ovary (Prabhu, 1956; Iharmamba, 19595 Qasim and 
Qayyum, 1962). Spawnin/; in other c^'prinid f ishes in Northern 
India i s r e s t r i c t e d to July and August (Xhan, 1924, 1942; Qasim 
and Qayyum, 196i; Khan, 1972). In t h i s respec t , L. bata does not 
differ from other cyprinids. 
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Seasonal chan ;es in the gonadal condition are well-narked. 
The recovering gonads (s tage I I ) remained quiescent fron October 
to January, coinciding m t h the minimal solar rad ia t ion and 
tempernture during t h i s period (RLg. 32). In February a s l i ' ^ t 
development of gonads was noted, but , thereaf te r , rapid changes 
occurred and in both sexes the peak condition was reached in 
June. During t h i s period the photoperiod and temperature vjere 
Tiaximun, i t was evident therefore tha t the cycl ic development of 
gonads i s influenced by photoperiod and temperature. Aronson 
(1957), Pickford and Atz (1957) and Hyder (1970) have a l so reportec 
the importance of both l i g h t and temperature in gonadal develop-
ment of f i shes . 
The onset of spawning, i t s success, and the duration of 
breeding season appear to be d i rec t ly dependent on the monsoon. 
In Northern India , the monsoon generally breaks out in July and 
continues upto Au'^ust. Spawning i s a lso r e s t r i c t e d to these two 
months. On the other hand in the Eastern India , the onset of 
monsoon i s early and continues upto August, consequently the 
breeding season l a s t s from April to August (David, 1959). In 
Chittagong region the breeding season of major carps extends 
from April to June (Ahmad, 1948). 
The success of spawning depends upon access to a su i tab le 
spawnin^^ ground, usual ly the inundated areas adjoining the r i ve r 
where the current i s only of moderate s t rength. VJhen such flooded 
conditions exis t an extensive area for spawning i s ava i l ab l e . 
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G2?avid f ishes mi,'5rate in these shallov/ waters where peak spavm.-
ing occurs without any competition for space. This has "been 
confirmed "by the observations of Khanna (1958) who successfully 
induced spawning in carps hy a r t i f i c i a l l y floodin,^ a stocking 
pond. Generally, tempera-fcures are uniform and moderately high 
during the monsoon (July and August) and t h i s further influences 
spawning. 
Sex r a t i o "betv/een males and females did not deviate 
s ign i f ican t ly from the hypothet ical distrilDution of 1:1. In 
other carps, e.g. , Girrhina mrigala, Catla ca t la and Lalpeo roh i ta 
no s igni f icant deviation from ^'• ^ sex r a t i o was recorded by 
Chakarbarty and S i n ^ ( 1965) » Natarajan and Jhingran (1963) and 
Khan (1972) respec t ive ly . Males were numerous in ©nailer s ize 
groups whereas females were predominant in l a rge r s ize groups. 
The preponderance of females in l a rge r size groups appears to be 
due to heavy morta l i ty of males in the smaller s ize groups. At 
t ha t stage they are more ac t ive and thus more l i a b l e to be 
caught by fishermen or more exposed to predat ion. 
Males matured e a r l i e r than the females, and a lso a t t a ined 
maturi ty a t a smaller s i ze . Both these c h a r a c t e r i s t i c s of males 
appear to be re la ted to a more ac t ive , shorter l i f e . The recovered 
spents of both sexes matured e a r l i e r than the maturing v i r g i n s . 
The size of mature ova did not vary in f ish of di f ferent 
s izes as reT)orted earli,er irunth-esLcyorinid f ishes (ilhan, 1972). 
. \ \ ^ 3 ^ /-; 
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[iov/ever, Simpson (1951) and V/ydoski and Cooper (1966) reported 
va r i a t ions in the size of mature ova in p la i ce and "brook t r o u t . 
Fecundity of L. bata increased a t a r a t e of 5.8202 of 
the length. This ind ica tes tha t the increase in fecundity i s 
more rapid than the cuhe of the length. Higher r a t e s of 
increase in fecundity in r e l a t i o n to length have been reported 
in I r i s h her r ing (Parran, 1938), North Sea her r ing (Hickling, 
1940) and in two small sized freshwater f ish species, Gallichrous 
bimaculatus* Llystus v i t t a t u s (Qasim and Qayyum, 1963). The 
re la t ionsh ip betv/een fecundity and length of L. bata was non-
l i nea r as reported in a number of fish species ( R a i t t , 1933; 
Hickling, 1940; Allen, 1951; Simpson, 1951; Bagenal, 1957; Qasim 
and toyyum, 1963) and e i the r the fecundity had been found to be 
r e l a t ed to the square of the length (i?ranz, 1910; Kisse lev i tch , 
1923; Clark, 1934) or to the cube of the length (Simpson, 1951; 
P i l l a y , 1958; Khan, 1972). 
Fecundity continued to increase v/ith age while growth in 
length became extremely slow. This explains maximum fecundity 
in fish of the oldest age group. The l i n e a r re la t ionsh ip between 
fecundity, body v;eight and ovary weight indicated tha t in 1 . bata 
the n-umber of eggs in the ovaries increased in proport ion to 
these two va r i ab l e s . 
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SUivlLIARY 
In the r ive r Kal i , the population of L. bata ahowed a male : 
female sex r a t i o of i : i . 4 2 . Males matured a t length of 18 cm and 
females a t 19 cm. 50^ of both sexes were mature a t 20 cm s ize . 
Maturity was a t t a ined vfhen both sexes v;ere about one year old. 
Spawning occurs during July and August, the period of 
maximum prec ip i t a t i on and uniformly high temperatures. Each 
individual contained only one stock of oocytes and spawned only 
once in a breeding season. The success of spavming depends upon 
the access of gravid fish to su i tab le spawning ground. 
Individual fecundity var ied from 10,040 to 870,000 wj.th an 
average of 192,785. i'ecundity was found to be more closely r e l a t ed 
to ovary or body weight than length . 
Fig. 25. Percentage of L. bata a t each of the f ive 
stages of a a tu r a t i on . 
O N D J T M A M J J A S O O N D J F M A M J J A S O 
19 7 3 1973 
FIG.25 M O N T H S 
Fig. 26. Size frequency d i s t i i bu t ion of in t ra-ovar ian 
oocytec of L. "bata. 
Fig. 27. Seasonal va r i a t i on in gono-somatic index of 
L. "bata. 
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Pi;;. 28. Scat ter diagran oliov.dng the re la t ionship 
between recunoity and length. 
? i g . 29. Scat ter diacran allowing the re la t ionship 
between fecundity and body weight. 
Fig. 30. Scat ter diagiam sho\dng the re la t ionship 
between fecundity and ovary weight. 
Fig. 31. Relationship between fecundity and age. 
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TABLE - 24 
IIUiroSR Oi I.IALBS AWJ) PIiIJi\LES HI 3)Ii?FSLl3^IT IIGNTHS SAI.IPLES 
I.Ionth 
O c t . 
l o v . 
Dec. 
J a n . 
¥eb. 
Mar. 
Apr . 
May 
J u n e 
J u l y 
Aug. 
S e p t . 
O c t . 
.s 
1972 
1973 
No. of m a l e s 
15 
20 
16 
24 
21 
27 
16 
14 
16 
24 
13 
12 
20 
iro. of f e m a l e s 
16 
24 
20 
33 
24 
21 
12 
30 
29 
56 
24 
30 
21 
Sex r a t i o 
i : 1 . 1 0 
1: 1. 20 
i : i . 2 5 
i : 1 . 3 7 
i : 1.14 
1 :0 .77 
i : 0 . 7 5 
i : 2 . 1 4 
1: 1. 81 
1 :2 .33 
i : 1.84 
i : 2 . 5 0 
i : 1.05 
Total 238 340 1: 1.42 
TABLB - 25 
ITULIBiiia OP LIMJES M D ]?H.IJ\1ES I N YAEIO0S AGS GEOTJPS 
Age groups No. of males No. of females Sex l a t i o 
0 74 
1+ 71 
I I 52 
I I I 25 
IV 13 
V 3 
711 
Total 238 340 1:1.42 
54 
88 
85 
40 
31 
22 
15 
7 
i : 0 . 7 3 
1: 1. 24 
i : 1.63 
i : 1 . 6 0 
1:2.38 
i : 7 . 3 3 
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PAET I I 
TH3 BIOLOGY OP LABEO GOITIUS (EM.) 
CHAPTER VII 
MOEPHOMSTRIC STUDIES, LENGTH-WEI&HT RELATIONSHIPS 
AITD RELATIVE CONDITION PACTOR. 
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II'TTROIXrCTIOH 
I n s p i t e of v/idcspread d is t r i lDut ion of Labeo ^onius (Ham.) 
i n I n d i a and i t s impor tance , t h e r e i s no p u M i s h e d data on i t s 
b i o l o g y . This pauc i t y of knov;ledge h a s promoted i n i t i a t i o n of 
d e t a i l e d s t u d i e s on the b io logy of the spec i e s i n r i v e r K a l i , 
vrhich i s a major source of f i s h supply a t A l iga rh , 
The p r e s e n t study was under t aken to p rov ide a d e t a i l e d 
account of morphometry, l eng th -we igh t r e l a t i o n s h i p and r e l a t i v e 
cond i t ion f a c t o r of t h i s s p e c i e s . 
MATERIAXS AND METHODS 
Samples of L. gonjus were ob ta ined a long vdth L. b a t a 
dur ing the same pe r iod of s tudy, from t h e r i v e r K a l i . The methods 
used for morphometric s t u d i e s , l eng th -we i£^ t r e l a t i o n s h i p s and 
r e l a t i v e cond i t ion factor? of t h e f i s h a r e t h e same a s de sc r ibed 
fo r 1 . b a t a (Pa ;e 9 , 14 and 22) . 
RSSUILTS MW DISCUSSION 
I.I05P:IOLI3TBIC STUDIES: 
I lorphometric s t u d i e s of L. gonius ob ta ined from t h e envi ron-
ments ( r i v e r Ka l i and pond Chau Tal) were made to i d e n t i f y s e p a r a t e 
s todcs of t h i s s p e c i e s . 
S t r a i g h t l i n e r e l a t i o n s h i p s between d i f f e r e n t body measure-
ments and t o t a l len^-^ths v/ere ob ta ined i n f i s h e s of the r i v e r Ka l i 
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and pond Chau Tal ( P i g s . 35 and 35 ) . The r e g r e s s i o n equa t ions 
d e s c r i b i n g t h e s e r e l a t i o n s h i p s a r e given i n t a b l e s 27-30. r.Iean 
r e l a t i v e measurements of d i f f e r e n t body c h a r a c t e r s expressed a s 
p e r c e n t of t o t a l l e n g t h a long with t h e i r range and s tandard 
d e v i a t i o n a r e p l o t t e d i n P ig . 34 ( r i v e r i n e f i s h e s ) and P ig . 36 
(Chau Tal f i s h e s ) . V/hen comparing the mean l e n g t h s of f i s h e s 
from the two d i f f e r e n t environments i t \Nra,s found t h a t t he mean 
s t andard l e n g t h d i f f e r e d more s i g n i f i c a n t l y than the body l e n g t h , 
a s i n the case of L. b a t a . The mean depth meacuronents a l s o 
showed the same p a t t e r n a s i n L. b a t a . 
A s i g n i f i c a n t d i f f e r e n c e was no ted between t h e f i s h e s of 
r i v e r Ka l i and pond Chau 'Tal . The c h a r a c t e r s a s s o c i a t e d v;ith 
l e n g t h were h i g h e r i n case of pond f i s h e s while t h e c h a r a c t e r s 
a s s o c i a t e d with depth v/ere h i g h e r i n r i v e r i n e f i s h e s than the 
pond f i s h e s . 
L .-ST&TH-V.'SIGTIT R5LATI OH SHIP S: 
The r e g r e s s i o n a n a l y s i s of l eng th -weigh t r e l a t i o n s i i i p 
a long with the t e s t of s i g n i f i c a n c e have been p r e s e n t e d i n Table 31^ 
The a n a l y s i s of covar iance fo r data of Table 31 i s summarised i n 
Table 32. The ' n ' v a l u e s ranged from 2.1975 ( g u t t e d females) to 
3.0981 ( r i p e females) and 2.3693 ( g u t t e d males) to 3.1010 ( r i p e 
i i ia les) . The va lue of *n* was found t o be h i g h e s t i n j u v e n i l e s 
(3 .1322) while lowest i n females ( 3 . 0 9 8 1 ) . The 'n* v a l u e s 
c a l c u l a t e d a t 955J confidence i n t e r v a l s fo r male, female and 
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juveni le , v;ere always higher than 3 (Table 33) . Obviously the 
length-weight r e la t ionsh ip of t h i s f ish did not follow the cube 
law. 
The length-weij^t r e l a t ionsh ips of males, females and 
juveni les are represented in Table 33 and Pig. 37. Pig. 38 
shov/s the l e n g t h - w e i ^ t r e la t ionsh ip of combined f i shes . The 
smooth curve represents the calculated v/eight a t each length 
i n t e r v a l s while s t r a igh t l i n e represents the ca lcula ted regression. 
Average v/eights a t d i f ferent lengths i n t e r v a l s a re a lso tabulated 
(Table 34). Prom t h i s t ab le i t may be seen tha t the increase in 
weight in r e l a t ion to length was not well marked up to ibO mm length . 
I t vjas conspicuous betv/een 150-200 mm and well appreciable above 
200 mm. I t \Nras noted tha t females v;ere l i g h t e r than maleq upto 
the length of 24!? mm but the males were l i g h t e r than females a t 
higher lengths and the length-wei^^t curves of two sexes i n t e r -
sected a t a point betvjeen 245 nun and 265 ram (Pig . 37) . 
In 1 . rohi ta some differences in the values of ' n ' of 
f i shes from r ive r s and pond have been reported (khan, 1972). The 
r i ve r i ne f ishes were heavier than pond f ishes a t a p a r t i c u l a r 
length , ind ica t ing more growth in r i v e r s than in the pond. I t 
appears tha t metabol i t ies a re washed down in the running water 
and t h i s leads to a b e t t e r growth. V/hen ' n ' was compared in f i shes 
a t d i f ferent maturity s tages , i t was found tha t the value of ' n ' 
v/as hi.'^hest in r i pe f ishes and lowest in spent f i shes . I t i s 
mainly due to considerable development of gonads v/hich af fec t the 
- 83 -
t o t a l weight of t h e f i s h . 
R/XATIVa COTSITIOF ?AGTOR: 
V a r i a t i o n s i n 'ICn* v a l u e s i n r e l a t i o n to s i z e a r e q u i t e 
apparen t ( F i g . 39) • The va lue was found to he h i g h e s t i n smal le r 
f i s h e s of hoth the sexes . High v a l u e s v/ere ob ta ined up to 210 nun 
i n males and 230 mm i n females . The rea f t e r , t h e 'Kn' v a l u e s 
decreased and i n c r e a s e d a l t e r n a t e l y up to t h e l e n g t h of 41?0 mm 
and 3 peaks and 3 v a l l e y s v;ere found i . e . a t t h e l e n g t h of 310 mm, 
370 mm and 430 mn i n females and 230 mn, 330 mm and 390 mm i n 
males (Table 3!?, P ig . 40)^ 
F l u c t u a t i o n s i n r e l a t i v e cond i t ion i n r e l a t i o n to s i z e 
appear to he i n f luenced by the number of spaxmings t h a t have taken 
p l a c e i n s i x to seven y e a r s of l i f e . I n t h a t event the f i s h 
appea r s to have spawned 3 to 4 t imes over the span of l i f e and 
t h i s i s q u i t e t r u e because the f i s h a t t a i n s sexual m a t u r i t y when 
i t i s about 2 y e a r s o ld and t h e r e a f t e r spawis succes s ive ly and 
annua l ly (S idd iqu i _et a l . , 1976). 
Seasonal f l u c t u a t i o n s i n r e l a t i v e cond i t i on can be seen 
i n li*ig. 40. Low v a l u e s v;ere ob ta ined i n December and January 
t h e r e a f t e r i t i n c r e a s e d and a t t a i n e d maximum l e v e l i n June . 
.Inot-'ier peak vra,s a l s o no ted i n ITovember. Loviest r e l a t i v e condi-
t i o n v a l u e s v/ere r ecorded i n September, Ju ly and August (Table 36, 
F ig . 4 0 ) . 
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There was a shaip increase in condition \n.-th. gonads from 
April to June while the condition minus gonads in females decreased 
considerahly. The decrease in condition with gonads during July 
and August v/as a lso very clear and the condition minus gonad did 
not sh.ow any s igni f icant decrease. No difference between condition 
with gonads and condition minus gonads v;as observed during r e s t 
of the year. Similar trend v/as observed for males. Gastro-somatic 
index was found to decrease s ign i f ican t ly from April to July in 
females. During r e s t of the months the gastro-somatic ind ices 
were found to increase gradually in both the sexes (Table 37, 
Pigs . 41 and 42) . 
Seasonal f luc tua t ions in the r e l a t i v e condition a re mainly 
due to maturation and depletion of gonads. Highest values v;ere 
recorded when the f ish were in r ipe condition and lowest jus t a f t e r 
spawning. Similar obseivations have been made in majority of fish 
species which a re seasonal breeders, but evidences ava i lab le 
shov/ing the seasonal f luc tua t ions brought about by feeding ihythm 
(Qasim, 19!?7; Bal and Jones, I960; Blackburn, 1960 and Bhatt , 1971). 
SUMMARY 
• Morphometric s tudies on L. gonius revealed that s igni f icant 
differences existed between f ishes from two dif ferent environments 
( r i ve r Kali and pond Chau Tal) . However, the differences between 
the f ishes of d i f ferent years or sexes were not s t a t i s t i c a l l y 
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s igni f icant . The equations for LW re la t ionsh ip are \i = 0.b066 x 
10"^ X.^ *''* '^"^  for the male, W = 0.5635 x 10"^ ^3.0981 ^^^ ^^^ 
-5 3.1322 female, VI = 0.7995 x 10 L * for the juvenile and 
-5 3.7794 
W = 0.1512 X 10 X for the combined f i shes . The two LW 
curves in t e r sec ted a t a point "between 245 and 265 mm. The 'Kn' 
value was found to he h i ^ in smaller f i shes (190 to 230 mm), 
thereaf te r i t decreased and increased several t imes. These peaks 
ind ica te the number of spavmings upto t h i s len^jth. Seasonal 
f luc tuat ions in the condition a re due to f luctuat ion in the gonad 
v/ei,3hts. High values coincide with the breeding season. 
eODV MESUREMENTS bnm) 
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Pig. 37. The length-weight re la t ionsh ips of males* 
females and juveni les of L. gonlus. 
Pig. 58. The length-v/eight relat ionsli ip of combined 
L. gonius. 
(The s t r a igh t l i n e represents "the 
calculated regression l i n e of log 
vjeight on log length and the snootli 
curve represents the calculated 
weight) . 
FIG.37 
(u/tu) H19N3"! 90T 
mz Pit sgt Ki 9w otz 9 » otz s « or: 
COMBINCCl 
Dot 
-on 5 
• Ml i 
- >fft 
UNtTHCrnxl 
?ii'^. 39. llean 'Kn' values a-t different size groups 
of L. £onius. 
]?iS. 40. llonthly v a r i a t i o n s in mean 'Kn' values 
of L. f^oniuc. 
Pig. 41. Seasonal f luc tua t ions in 'Condition v;ith 
gonad', 'Condition -linus gonad' and 
'Condition ninus gonad plus gut ' of 
L. iionius. (Hales) 
Pig. 42. Seasonal f l t ic tuat ions in 'Condition \ri.th 
gonad', 'Condition minus gonad' and 
•Condition minus gonad pliis gut ' of 
li ' gonius. (Pe-.iales) 
(The upper curves represent the 
'Condition vri.th gonad', the middle 
'Condition ninus gonad' and the lo\/er 
'Condition 'linus gonad plus g u t ' . The 
area enclosed hy upper and middle 
curves represents the gona do-somatic 
index and by the middle and lower 
curves represents the gast io-somatic 
index) . 
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TABLE - 32 
AJIALYSIS OP VARIMCE FOR DATA IN TABLE 31 
Source • Sums of D.p. Variance 
square 
Due to t o t a l r e g r e s s i o n 17.6643 1 17.6643 
Between r e g r e s s i o n 
c o e f f i c i e n t \d . thin P^  ^^-^^rj ^^ P^  nr\%rs 
d i f f e r e n t m a t u r i t y U.U:JU/ IU U.UU;.U 
s t a g e s 
Dif ference "between 
pooled wi th in di 
m a t u r i t y s t ages 
means r e g r e s s i o n 
f f e r e n t ^ ooo-i ^ ^ /^ /^ rv^  
m a t u r i t y s t ages and O-^^OI 1 0.0001 
Deviat ion of means from Q 0407 9 0 0045 
means r e g r e s s i o n 
Residual 7.9450 171 
Total 25.6808 192 
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TABLE - 34 
Cv\lCULAT3]) W3iaHT OJP L . GONIUS AT DIFPER3NT L3MGTH lUTEKVALa 
Total l e n g t h ( i n mn) Dody weight ( i n giiis) 
150 27.87 
200 58.20 
250 123.40 
300 228.10 
350 400.80 
400 640.10 
450 927.70 
TABLE - 35 
liMM 'Kn' ViaUSS OF 1 . GONIUS AT raFPEHaiT SIZE GROUPS 
Size groups 
Mean Kn* 
Hale Female 
150 - 170 108.0 106.7 
171 - 190 108.2 107.6 
191 - 210 108.3 109.3 
211 - 230 106.0 107.0 
231 - 250 103.3 102.2 
251 - 270 102.3 103.7 
271 - 290 102.7 99.0 
291 - 310 102.9 106.0 
311 - 330 104.6 100.2 
331 - 350 103.4 104.5 
351 - 370 101.2 105.6 
371 - 390 101.9 102.2 
591 - 410 - 100.7 
411 - 430 - 103.7 
431 - 450 - 101.0 
TABL3 - 36 
IIOiTTKLI VAHIATIOIIS IN II3AJI ' K n ' VALU3S OP L . GOHIUS 
MOIMTH MALE FEIKLS 
October , 1972 98 .8 100.5 
If ov ember 97 .2 100.5 
December 98.9 ' 9 6 . 8 
Janua ry , 1973 99 .2 97.0 
J e b r u a i y 100.7 95.9 
Ilarch 100.9 104.2 
Apr i l 99.9 100.3 
Hay 100.6 104.0 
June 109.1 105.9 
Ju ly 99.9 100.2 
August 100.5 100.3 
September 96.4 100.7 
October 100.5 103.3 
November 101.2 104.0 
December 100.1 100.9 
J-^nuary, 1974 100.2 100.2 
i 'cbruary 101.4 101.4 
Ilarch 100.2 101.1 
Apr i l 100.8 102.2 
llay 106.4 103.8 
June 108.0 104.4 
Ju ly 101.6 101.6 
August 95 .5 98 .5 
September - 95.9 
October 99.4 99.4 
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CHAPTER V I I I 
AGE MD GROWTH 
- 86 -
IIJTRODUCTIOH 
Despi te of cons ide rab l e economic i iaportance of La"beo 
_£onius> the au tho r i s aware of no pub l i shed in format ion on i t s 
age and growth. This chap te r d e s c r i b e s t h e r e s u l t s on t he age 
and growth of the f i s h . 
MATBBIALS MD IIBTHODS 
Samples for the p r e s e n t study v/ere c o l l e c t e d a long \d.th 
L. b a t a from the r i v e r Ka l i and the same methods have been fol lowed 
f o r t h e study of age and growth a s employed fo r L. ba t a (Chapter I ? 
Page 29 ) . 
RSSULTS AI-ID DISCUSSION 
I n j u v e n i l e s the f i r s t growth check i n t h e s c a l e s occtirred 
i n t h e months of March-April whi le i n a d u l t s the growth r i n g s 
appeared dur ing Apr i l to Ju ly ( F i g . 4 3 ) . I n ma jo r i t y of the f i s h 
new r i n g s were added i n June . Ring formation dur ing t h e f i r s t 
y e a r of l i f e appears to be c o r r e l a t e d to lov; feeding i n t e n s i t y i n 
the p reced ing months v/hile i n a d u l t s t l iese a r e spavffiing maiks . 
This p e r i o d i s a l s o a s s o c i a t e d with low feeding i n t e n s i t y . I n 
o the r f reshwater f i s h e s s i m i l a r growth checks have been r e p o r t e d 
( P i l l a y , 19b3; C)asim, 1957; Radhakrishnan, 1957; J h i n g r a n , 1959; 
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Natarajan and Jhingran, 1963; Jhingran, 197i; Lakshraanan _et a l . , 
1971 and Khan and Siddiqui, 1973). 
Relationship "between f ish length and scale length: 
A l i nea r re la t ionsh ip was found between the fish length 
and scale length (Pig. 44) . The regression equation expressing 
t h i s re la t ionship was found to: 
Y = -1.2127 + 1.0850 X. 
The length-frequency d i s t r ibu t ion of L. gonius a t each 
age group as revealed by annuli i s given in Table 38. I t can be 
seen tha t age groups I to IV comprised of moderate number of 
specimens while f ish belonging to age group Y and VI v;ere very 
few (Table 38). 
Average calculated length , for each age, absolute growth and 
growth increment: 
The back calculated length from the f i shes of d i f ferent 
ages and the average lengths a t each annulus a re given in Table 39. 
Variation in the calculated and observed length i s a lso represented 
in Fig. bO. Figure 45 shov/s the average length a t each annulus 
(Absolute growth curve). I t was found tha t L. gonius reaches a 
size of 142 mm, 206 mm, 239 nim, 264 mm, 285 ram and 300 mm a t the 
age of 1, 2, 3, 4, 5 and 6 years respect ively . The absolute 
grov/th in len^^th of L. gon-i.us i s most rapid during the f i r s t year 
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of l i f e , thereaf te r , the r a t e of growth decreases progressively 
il?±o;. 4 5 ) . 
The times of f i r s t growth check, the suhsequents ones 
were found to he d i f fe ren t . The f i r s t one took place e a r l i e r 
than the l a t e r ones. I t appears tha t the f i r s t check in growth 
takes place only due to d i f fe ren t i a l r a t e of feeding in d i f ferent 
seasons the reaf te r , the in t ens i ty of feeding and maturation of 
gonads af fect the growth. 
Specific growth rate^ 
Specific grov/th r a t e *G* was found to be decreased as 
the age of the fish increased (Table 40, Pig. 46) . The decrease 
in *G' v;as only 5.13 between the ages V and ¥1 and 37.20 between 
the ages I and I I . 
P i t t i n g grov/th equation to length a t age data: 
The method developed by Pord (1953) and V/alford (1946) 
of p l o t t i n g Lt + 1 agains t Lt i s follov\fed here (Pig. 47). The 
calculated asymptotic length (Let) i s 449 mm. The pa t t e rn of 
grov/th in 1 . gonius confoims to the Von Bertalanffy ' s growth 
equation. The equation which describes the inverse exponential 
pa t te rn of growth i s : 
I t =L« (1-e-^ "^^ -"^ O)^  
V/here Lt = len'^th a t age t , LoC = ul t imate length, ' e' = base of 
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neparian logarithm, K = a constant, t = age of f i sh , 'tQ* = 
a rb i t r a ry origin of the growth curve. 
The values estimated for these parameters are : 
Lot = 449 mm 
K = 0.2099 
• t o ' = -0.6940 
The value of ' t g ' was calculated (Pig. 48) a f t e r Ridker 
(1958). 
Subst i tu t ing the values of La:, K and I t o ' - t o the Von 
Ber ta lanf fy ' s grov;th equation for L. gonius, i t could be expressed 
as 
Lt = 449 ( l-e-°-2099 ( t -.0.6940)^ 
The values of Lt a t different ages were calculated and 
tabulated in tab le 40. 
Seasonal grov/th: 
Seasonal growth was found to be mainly influenced by 
feeding in t ens i t y in the f i shes of f i r s t yea r -c lass while in 
adu l t s f ishes the seasonal grov/th curve was affected by feeding 
in t ens i t y as v;ell as the maturation of gonads. The seasonal 
growths of the f i shes of f i r s t year, second year and th i rd year-
c lasses showed s imi lar growth pa t te rn in d i f ferent seasons 
(Table 4 l , Pig. 49) as in the case of L. bata (Chapter IV) . 
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The age and grov/th of L. gonius (Ham.) was invest igated 
Toy the ana lys i s of sca les . I t a t ta ined an average length of 
142 mm, 206 mm, 239 on* 264 mm, 285 mm and 300 mm a t the age of 
1, 2, 3 , 4, 5 and 6 years respect ively . A s t r a igh t l i n e re la t ion-
ship was ohtained between the scale length and body length as 
expressed by the follovdng equation: 
Y = - 1 . 2127 + 1.0850 X 
The Von Bertalanffy ' s grov;th equation v/as found to 
describe adequately the actual grov/th of the species and could 
be expressed as : 
Lt = 449 (1-e-°-2055 ^^ -^  0.6940)^ 
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JPig. 49. Seasona.1 grouth curve of 1 . r^onius. 
P i g . 50. Va r i a t i on i n -i±Le back c a l c a l a t e d and 
observ^ed l eng th of L. /nonius. 
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.IMX. .Xil^ ^xILY &xiOWT:i xUTi Oi'^  L . GOlilUS 
Lloniiis 
Oc tobe r 1972 
l.ov ember 
Dcceniber 
Jo.nuary 1973 
^^ebruar / 
J a r c h 
A p r i l 
May 
J u n e 
J u l y 
August 
September 
O c t o b e r 
II ov ember 
December 
J a n u a r y 1974 
i^'ebiuaiy 
. i r r c l i 
A p r i l 
^:ay 
J u n e 
J u l y 
August 
oepteraber 
O c t o b e r 
FI-^SC; YA!^i 
d ean '/> 
l e n j t h 
(nun) 
242 
245 
236 
248 
230 
230 
234 
236 
242 
234 
234 
244 
235 
242 
244 
225 
-
248 
241 
237 
250 
236 
245 
-
222 
of t o t a l 
a n n u a l 
growth 
_ 
0 . 4 
- 2 . 8 
- 5 . 0 
- 7 . 2 
-
1.7 
0 . 3 
2 . 5 
- 3 . 3 
-
4 . 2 
- 3 . 6 
2 .9 
0 . 8 
- 7 . 7 
-
9 . 3 
- 2 . 8 
- 1 . 6 
5 .4 
- 5 . 6 
3 . 8 
-
- 9 . 3 
SiiCOi 
M ean 'S 
l e n g t l i 
(OEl) 
275 
284 
265 
265 
261 
259 
270 
276 
286 
-
269 
279 
283 
290 
274 
264 
264 
275 
269 
269 
290 
270 
268 
262 
252 
.ID 1£A2 
of t o t a l 
a n n u a l 
growth 
— 
3 . 2 
4 . 2 
- 6 . 6 
— 
- 1 . 5 
- 0 . 7 
4 . 2 
2 . 2 
3 .6 
-
3 . 7 
1.4 
2 .4 
- 5 . 5 
- 3 . 6 
-
4 . 1 
- 2 . 1 
-
7 . 8 
- 6 . 8 
0 . 7 
2 . 2 
- 3 . 8 
Tlil.-iD IJlIiR 
LI ean '•/o 
l e n g t h 
(mm) 
303 
308 
295 
297 
298 
296 
302 
312 
312 
320 
316 
315 
317 
•321 
310 
-
302 
320 
316 
316 
328 
309 
313 
318 
321 
of t o t a l 
a n n u a l 
growth 
_ 
1.6 
4 . 2 
0 . 6 
0 . 3 
- 0 . 6 
2 .0 
3 . 3 
-
2 . 5 
- 1 . 2 
0 . 3 
0 . 6 
1.2 
- 3 . 4 
-
- 2 . 5 
5 .9 
- 1 . 2 
-
3 . 7 
- 5 . 7 
1.2 
1.5 
0 . 9 
CHAPTER IX 
FOOD AlTD Ii'i]3DIITG HABITS 
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INTRO DUCTI on 
One of the most impor tan t a spec t of s tudy of the biology 
of f i s h i s to determine i t s food and feeding h a b i t s . Food compo-
s i t i o n , i n t e n s i t y of feeding and i t s v a r i a t i o n s vdth season, s i ze 
and sex of L. gonius i s "being r e p o r t e d h e r e . 
IIAT3RIALS A!ID IiaTHODa 
Sanples of L. gonius were oh ta ined from t h e r i v e r K a l i . 
The same methods v;ere follov;ed a s r e p o r t e d f o r L. ha t a (Chapter V, 
Page b'1)). 
RESULTS Airo DISCUSSION 
Absence of t e e t h , narrov; mouth, depressed buccal c a v i t y , 
absence of tongue, mod i f i ca t i on of g i l l ralcers f o r f i l t r a t i o n , 
absence of stomach and p resence of l a r g e gut i n d i c a t e d t h e 
he rb ivorous feeding h a b i t of t t i i s f i s h . The o,nalysis of gut 
con ten t s of t h i s f i s h for consecu t ive months shov/ed t h a t t h i s 
f i s h mainly feeds on small phytoplahkton and decayed organic 
m a t t e r . 
gOOD COUP31TIOH: 
Seasonal v a r i a t i o n s i n the composition of ^-^t c o n t e n t s of 
L. gonius becones q u i t e apparen t from Table 42 and / i g . 5 1 . jehyto-
- 92 -
planlcton was found to Tae the main food of t h e a d u l t f i s h . I t 
formed about ^V,'o of the t o t a l food consumed. 
DIATd^S ( B a c i l l a i l o p h y c e a e ) : 
The diatoms v?ere r e p r e s e n t e d Toy 9 cenera which formed t h e 
chief food of "tiie f i s h and c o n s t i t u t e d about 1d.6yj of t h e t o t a l 
food. This group was more abundant i n t h e food from October to 
.larch and comparat ively l e s s e r pe rcen tage occur red from Apr i l to 
August. The pe rcen tage of diatoms v;as ve ry low i n June . Navicu la , 
C y c l o t e l l a , K i t z s c h i a , Gyrosigma, G?/mbella and Diatoma were tlie 
most impor tant diatoms a s food and occurred i n the dec reas ing o rde r . 
Prom September to A p r i l , Navicula was encountered abundant ly whi le 
from Hay to August i t was extremely s ca r ce . E i t z s c h i a v;as 
f requent ly found throughout the yea r except dur ing Hay, June and 
Ju ly (Table 42, ? i g . 5 l ) . 
^Y'.Tm MiGAS (Ghlorophyceae): 
IJ^ I* gonius green a l g a e ref)resented by 8 genera , c o n s t i -
t u t e d about 8.6^ of the t o t a l food and occur red througliout the y e a r 
i n the gut con ten t . They \;ere more abundant dur ing January , I larch, 
A"oril, Llay and December and l e s s abundant i n J u l y . The most 
in.-nortant genera v;ere Sccnedesmus, Anliistrodesmus, Crucigenia and 
"""etraspora. The l e s s e r i'.r.)ortrj:it genera v;ere Cedogonium, Ped ia s t rum, 
Selena strum and Spirogyra CTable 42, F ig . 5 1 ) . 
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BLr3 GllIJSIi: i\LGA3 (llyxophyceae): 
This group comprised of Nostoc, Anabaena, Llicrocystis and 
Phormidiup foimed 5.2fj of tiie t o t a l food. Microcystis and 
Phomidiurri were more comirion. I.Iyxophyceae was predominant in July 
and September. 
Other food iteias: 
Desnids, phy tof lage l la tes , a lgal spores and zygotes and 
macrovegetation were a lso encountered in the guts of 1 . /^onius 
(Table 42, J ig . 5 l ) . These items togetlier formed 13.7% of the 
t o t a l food. Zooplanlcton occurred in very small quan t i t i e s and 
i t appears that they accidently entered alongwith the phytoplankton. 
Dcca^^ed organic matter: 
This group mainly consisted of un iden t i f i ab le p lan t matter 
in decayed condition and const i tu ted about 16.4^ of the t o t a l food. 
I t occurred regular ly in tlie guts tlirougliout the year. 
Sand and mud: 
I t formed 35.45"^  of the t o t a l food and occurred in tlio guts 
throughout the year. I t const i tu ted the main bulk of tlie gut 
contents (Table 42, ? ig . 51). 
A gradual increase in the percentage of phytoplan^zton 
n.long \n.th sand and mud in the gut contents v/ith increase in size 
of the fish reveals tha t t h i s species changes i t s feedin,; habi t 
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a s i t grows (Table 4 3 , F ig . 5 2 ) . The occurrence of l a r g e q u a n t i -
t i e c of decayed organic m a t t e r t oge the r with sand and itiud i n t h e 
gu ts i n d i c a t e t l i a t the f i s h feeds a t Hie hottora. 
Ho d i f f e r ence v/as found i n food coBiposition of males and 
females . 
INTBI^ IalTY 0? FBEDIITG: 
The v a l u e s of ga s t ro - soma t i c index a long \ d t h t h e p e r c e n t a g e 
of empty gu ts fo r d i f f e r e n t months a r e given i n Table 44 and P i g . t?5. 
A pronounced feed ing o .c t iv i ty was recorded from October to March. 
The feeding i n t e n s i t y was extremely low dur ing Ju ly and August. 
I n both the sexes the i n t e n s i t y of feed ing \>/as h igh i n 
immature, matur ing and spent f i s h e s and low i n r i p e n i n g and r i p e 
f i s h e s . The feeding i n t e n s i t y was found to be b e t t e r i n tlie males 
than i n the females throu:;jliout t he yea r , e s p e c i a l l y i n the spent 
f i s h e s (Table 46, F ig . 54 ) . 
The r e l a t i v e pe r cen t ages of d i f f e r e n t food i t ems v a r i e d 
from month to month and a p a r t i c u l a r tjTpe of food item tended to 
be maximum a t a p a r t i c u l a r t ime, perhaps due to i t s abundance i n 
the environment a t t h a t t ime . There appea r s to be d e f i n i t e 
p r e f e r ence fo r any po . r t i cu l a r spec ie s or genera of phytoplanlcton. 
General ly the small s i zed phytoplanlcton and decayed organic m a t t e r 
v/ere p r e f e r r e d . 
Seasonal v a r i a t i o n s i n t h e r a t e of feeding appear to be 
a f f e c t e d by tempera ture and f looding of tlie r i v e r a s low food 
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intalce v/as recorded during monsoon months (June, July and A u ^ s t ) 
and high r a t e of feeding during r e s t of the nontlis. The feeding 
in t ens i t y was a lso influenced "by the s t a t e of maturation, of gonads. 
SUI.IbIARY 
II' p;onius (Haa.) feeds mainly on phytoplan l t ton ic organisms. 
Diatoms, green a l g a e and decayed organic m a t t e r s were t h e main 
food items present i n the gut. The presence of sand and mud in 
the gut content sliov/ed a "bottom feeding h a b i t s . The i n t e n s i t y of 
feeding v;as found to "be maximiim during post monsoon and winter 
months (Octo"ber - Pe"bruary) and lov; feeding during post v/inter 
and monsoon months (Ilarch to August). Maturation of gonads a lso 
adversely affected in "both the sexes, the feeding intensity' ' . The 
fish showed a pos i t i ve select ion for a l l the phytoplanlctonic 
organisms. 
Fig. 5 l . Seasonal va r i a t i ons in the percentage 
coaposition of food of L. f^onrus. 
Pig. 52. In t ens i t y of feeding a t different s ize 
groups of L. gonius. 
Pig. 53. Seasonal va r i a t i ons in the i n t ens i t y of 
feeding of L. gonius. 
i'ig. 54. I n t ens i t y of feeding a t d i f ferent 
maturity stages of L. gonius.. 
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TABLE 42 
DITS i : : ^2112 PiL:C3L:^Aa3 GOLIPOSITIOIT O ? l I J V S a a i T i^ OOD I T S I S O ? L A 3 3 C GCI.TUS 
J a n . Je'h. Mard i A p r i l iZBj J u n e J u l y Aug. S e p t . Oc t . X. O V . / ec . i-xean 
0 . 6 
0 . 5 
2 . 5 
1.2 
3 . 1 
3 . 2 
11 .1 
8 . 2 
0 . 7 
1.3 
1 3 . 1 
2 .5 
4 . 5 
3 . 8 
3 4 . 1 
0 . 4 
0 . 4 
0 . 2 
2 . 1 
2 .3 
0 . 4 
0 . 4 
0 . 2 
2 . 1 
13.5 
0 . 2 
Q.I 
5 .2 
1.2 
6 . 7 
3 . 1 
3 . 5 
1.1 
10.5 
0 . 8 
3 . 7 
0 . 5 
2 . 1 
21 .3 
0 . 2 
0 . 3 
0 . 1 
0 .6 
1.3 
2.C 
4 . 1 
0 . 9 
2 2 . 2 
0 . 9 
0 . 4 
0 . 2 
0 . 2 
0 . 2 
5 . 2 
4 . 1 
11 .2 
0 . 4 
3 . 1 
1.7 
11.5 
0 . 5 
2 . 1 
10 .2 
0 . 4 
0 . 2 
3 0 . 1 
0 . 2 
0 . 2 
1.5 
0 . 2 
1.7 
1.4 
5 . 5 
6 . 2 
0 . 4 
0 . 2 
0 . 3 
6 . 9 
11.3 
3 . 8 
12.9 
3 . 5 
1.9 
1.5 
5 . 2 
0 . 3 
0 . 9 
0 . 9 
0 . 8 
15 .1 
0 . 1 
0 . 4 
1 . 1 
1.6 
0 . 1 
1.9 
4 . 2 
8 . 2 
0 . 2 
5 .2 
7 .9 
2 .5 
15.9 
0 . 5 
1."1 
0 . 8 
2.5 
0 . 3 
0 . 2 
5 . 4 
0 . 2 
0 . 8 
1.0 
6 . 2 
6 . 7 
0 . 1 
0 . 2 
1.7 
2 .2 
1.3 
4 . 5 
0 . 2 
0 . 1 
0 . 2 
0 .9 
0 . 1 
0 . 2 
1.7 
2 .1 
6 . 5 
13 .2 
0 .6 
0 . 1 
0 . 1 
0 . 9 
0 . 8 
2 .4 
1.9 
0 .9 
1.8 
0 . 8 
1.2 
6 .6 
0 . 9 
3 .8 
2 .5 
7 .2 
0 . 2 
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8 . 2 
6 . 5 
12.8 
0 . 2 
1.3 
0 . 2 
1.6 
1.9 
5 . 2 
2 . 1 
1.0 
2.6 
2 . 1 
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0 . 1 
9 . 9 
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2 . 1 
4 . 2 
0 . 3 
1.3 
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10.5 
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16.5 
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-
-
45.2 
0 .2 
0 .2 
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-
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56.1 
-
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-
-
72.0 
-
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56.1 
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47.3 
1.0 
0 . 2 
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0 .9 
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6 . 8 
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3 . 8 
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0 .5 
2 .8 
24 .0 
0 . 8 
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TABLE - 44 
SmaONAl VARIATIONS IN THE IWTflwSITY OF FEEDING OF L. GONIUS 
ivlonths 
HALE F3.IA1E 
& . S . I . 1o empty \ G . S . I . $ empty 
gu t s \ g a t s 
Jaui. 
i?ebr. 
l larch 
Apr i l 
May 
June 
J u l y 
August 
Sept . 
Oct . 
Nov. 
Dec. 
4 .52 
5.67 
6.65 
4 .35 
4.50 
5.37 
1.65 
1.52 
5.45 
8.02 
9.47 
7.89 
14.5 
29.0 
26.8 
55.0 
52.0 
68.6 
94.0 
90.0 
60.0 
25.8 
18.2 
5.1 
4.04 
5.82 
7.89 
5.17 
5.55 
2.14 
0.96 
0.95 
2 .98 
6.06 
8.12 
6.52 
15.1 
23.5 
19.0 
50.0 
85.2 
87.5 
90 .2 
78.0 
58.2 
24.5 
13.5 
9.5 
TABL3 - 45 
YARIATICLS II: TIIS IN1!31fSITY OF P3EDIHG WITH SIZE 
Size TsToup (nim) Gas t ro -somat ic index % aapty g u t s 
I 
I I 
I I 
IV 
V 
71 
150-200 
201-250 
251-500 
501-350 
551-400 
401-450 
8.2 
4 .5 
6 .8 
5 .8 
4.9 
5 .8 
15.0 
29.2 
20.9 
25.1 
28.6 
4 9 . 8 
TABLE - 46 
VARIATIONS IN THi) INTSLiSlTY OF FEEDING WITH LIATUIIITY STAGES 
I J a t u r i t y s t age s Sex Gast ro-somat ic fi empty g u t s 
index 
I I 
I I I 
IV 
V 
l.Ial e 
Female 
Hale 
Female 
Hal e 
Female 
Hale 
Female 
Hal e 
Feaa le 
5.5 
5.5 
6.5 
6.0 
2.2 
4 .1 
2.7 
2.9 
5.5 
6.0 
65.1 
56.0 
62.5 
50.0 
50.0 
55.0 
68.0 
94.0 
20.0 
34.0 
CHAPTER X 
REPRODUCTION 
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I^ ITROHUCTION 
The p r e s e n t study g ives a d e t a i l e d account of sex r a t i o , 
s i z e and age a t f i r s t m a t u r i t y , ma-turation and spasming, "breed-
i n g season and the fecundi ty of L. gon ius . 
I.IAT3?JALS AITD IHTIICDS 
Sa-'ples v/hich for^ied the b a s i s of t he p r e s e n t i n v e s t i . ' ^ t i o n 
v;ere c o l l e c t e d from the r i v e r Ka l i over a p e r i o d of 13 months, 
from October 1972 to October 1973. The sane methods v/ere fol lowed 
h e r e for t h e study of v a r i o u s a s p e c t s of t h e r e p r o d u c t i v e b io logy 
of Ii« goniu 3 a s descr ibed by S idd iqu i , _et a l . , 1976.for L. b a t a 
( s e e a l s o Chapter VI, Page 70 ) . 
R3SULTS 
Sex d i s t r i b u t i o n of L. gonius i n d i f f e r e n t months i s shov/n 
i n Table 47 and a t d i f f e r e n t ages i n Table 48 . The t o t a l number 
of f i s h e s sexed v/as 3b6, of which 124 were males and 232 females . 
The r a t i o between males and females on the v;hole v/as 1:1.86. I n 
case of sex composition a t v a r i o u s a^es groups, a preponderance 
of males over females v/as recorded i n age group I , whereas i n 
a ibsequent age groups females were more abundant . I n age group 
VI no male v/as recorded. 
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Size a t l ' ' irst Llaturity 
The gonado were c l a s s i f i ed in to f ive stages of maturity 
according to the scheme of c l a s s i f i ca t ion as descrihed for 
Ophic.ephalus punctata s ( Qayyum & Qasim, 1964). 
The f i shes f a l l i n g in different maturi ty stages a re 
tabulated in Tahle 49. All f i shes helov; 160 mm were immature 
(s tage I ) . The smallest r ipe male v/as 170 mm in length and the 
anal les t r i pe female v/as 180 mm. Both sexes a t t a ined sexual 
maturity a f t e r completing f i r s t year of t h e i r l i f e . 
Spaxsttiing cycle 
Pig. 55 sliov/s the percentage of f i shes a t varj-ous matur i ty 
stages in different months of the year. Both sexes sliowed a 
regular seasonal change in t h e i r maturity s tages . The gonads of 
maturing v i rg ins and recovered spent f ishes s t a r t ed ripening in 
March and t h i s stage becarae dominant in April and Hay. In June 
almost a l l fislies were r ipe and in l a t e July spent f i shes began 
to appear. The percentage of spent f ish increased in August and 
a l l v;ere spent in September. The occurrence of spent f ish in 
l a t e July showed the commencement of spa\jning and as a l l f ish in 
the Septoaber sample were spent i t may be assumed tha t spawiing 
was completed by the end of August. 
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gpavfliinT -periodicity 
Ova diameter frequencies of L. /^onius (i*'ig. 56) shov/ed 
that the ovaries contain a single hatch of eggs, suggesting tha t 
each individual spav/ns only once during the breeding season. In 
March v;hen the f ish s t a r t ed ripening, tlie average size of ova was 
0.18 mn. In Apr i l , the s ize of ova increased raaikedly and the 
modal size was found to he a t 0.22 mm. The mode shifted to 0.80 mm 
in Hay and to 1.20 mn in June. Almost a l l the ova v/ere discharged 
in July and August. 
Seasonal changes in gonad v;eight 
Seasonal changes in gonad v/eight a re di a grammatically 
represented in Fig. 57. The v/eights of gonads are expressed a s 
percentage of body weight. The curves of male and female gonads 
showed almost the same pa t te rn but the seasonal changes in t e s t e s 
v/eight were l e s s marked. 
The t e s t e s remained in a res t ing condition t i l l January 
and maturation s t a r t ed only in J^ebruary. ?rom Llarch onward a 
gradual increase in t e s t e s weight was observed and the maximum 
weigbt was recorded in June. In July i t decreased and reached 
i t s minimum level in September. 
The ovaries gained appreciable weight in I.iarch. A rapid 
increase in ovarian v;eight was recorded in April and May vdth i t s 
maximum in June. A decrease occurred in July and continued up to 
September. Thereafter no appreciable change vas noted u n t i l 
January''. 
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fecundity 
The num"ber of escs produced "by 30 r ipe females of 185 to 
435 mm in length and helonging to age groups 1+- to VI ranged 
from 9>309 to 3»45,657 vath an average of 96,477. Number of ova 
per g "body v/eight, per g ovary v / e i ^ t and per mm body length were 
744, 1,473 and 801 respect ively and did not vary in di f ferent 
regions of the two ovar ies . 
j'ecundity and t o t a l length 
A non-l inear re la t ionsh ip was obtained for length and 
fecunditj'^ (Fig. 58a). The two values p lo t t ed on logarithmic paper 
produced a s t r a i ^ t l i n e (Fig. 58b) and -the values calculated for 
t h i s relationsiaip were as follov/s: 
Log P = -0.8051 + 3.693 l og 1 (F = fecundj.ty, L = length) 
Fecundity ond body wei^^t 
The re la t ionsh ip betv;een fecundity and body weight v;as 
found to be l i n e a r (Fig. 59) and could be expressed by the follovdng 
regression equation: 
Log F = 1.2733 + 1.3335 Log W (VJ = body weigiit) 
Fecundity and ovary VJeight 
A d i rec t re la t ionsh ip was also found between the values 
of fecundity and ovary v/eight (Fig . 60) . The regression equation 
for t h i s re la t ionsh ip i s t 
Log F = 3.6866 + 0.6367 Log O.W. (O.W. = ovary weight) 
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Fecundity and age 
F ig . 61 shows the r e l a t i o n s h i p betv/een age and f ecund i ty , 
lie a p p r e c i a b l e change i n egg p roduc t ion p o t e n t i a l took p l a c e 
up to IV y e a r s , t h e r e a f t e r the fecundi ty i n c r e a s e d cons ide rab ly . 
The follo\-ri.ng r e g r e s s i o n equat ion was ob ta ined : 
Log F = 4.5076 + 1»8325 l o g A (A = age) 
DISCUSSION 
From the o b s e r v a t i o n s of the m a t u r a t i o n and d e p l e t i o n of 
gonads, seasonal changes i n gonad weight and i n t r a - o v a r i a n oocy te s , 
i t becomes q u i t e ev ident t h a t i n d i v i d u a l L. gonius spavm only once 
i n a b reed ing season, which con t inues through Ju ly and August. 
Other cyp r in id f i s h e s from i l o r t h e m I n d i a have a l s o been r e p o r t e d 
to spawn i n t h e s e two months (lihan 1924, 1942 and Qasim & Qayyum, 
1961). 
Spavming appea r s to bo d i r e c t l y r e l a t e d to the monsoon 
C3'"cle and a s the onse t of monsoon i s delayed i n Korthern I n d i a , 
spa\'jning i s a l s o delayed. Cn the o ther hand, b r eed ing seasons of 
c j 'p r in id f i s h e s i n 3 a s t e m I n d i a , where the monsoon brealcs out 
e a r l y , l a s t from Apr i l to August (David, 1959). 
The o v e r a l l sex l u t i o betv;een the males and females v;as 
1:1.86. The males were dominant upto t h e l e n g t h of 200 mm v;hereas 
the females becr.ne dominant i n h i g h e r s i z e groups . I n -the 570 -
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430 on group, ttie conplete exclusion of males took olace. The 
preponderance of females in higtier size groups appears due to 
heavy mor ta l i ty of males in the smaller s ize groups, eit l ier 
natural death or to f ishing pressure , a s they are more ac t ive 
and thus caught more eas i ly . The dominance of males among 
smaller s ize fish and females in l a r g e r ones has been reported 
in a number of fisii species (LIcFadden _et a l . , 1962; Bailey, 19^3; 
Bhatnagar, 1972) . Llak eeva & Hikolskii ( 1965) pointed tha t the 
sex r a t i o d i f fe r s a t d i f ferent s izes and age groups even in 
species vri.th overal l i : i r a t i o . 
The males matured e a r l i e r than the females. Bunning r ipe 
males continued to occur t i l l early September v/hereas the females 
v/ere completely spent by the end of August. The prolongation in 
the r ipe stage of males ensures the f e r t i l i z a t i o n of the maximum 
number of eggs. Similar observations have been made in Blennius 
phol is (Qa.sim, 1957) and L. gonius and Girrhina mrigala 
(Parameswaran jet a l . , 1970). l iales a lso a t t a ined maturi ty a t a 
smaller size than the fonales and t h i s has been re l a t ed to shor ter 
l i f e span and smaller maximiin s ize of males (Ilalceeva & Ilikolslcii, 
1965). 
The size of mature ova v;as almost the same in a l l the fisli 
studied, confirmin;: the observations of Khan (1972) in the case of 
Labeo roh i t a . IIo\/ever, Simpson (I95l) in Pleuronectes n la tessa 
and 'Jydoslci c: Cooper (1966) in Ja lvel inus fon t i na l i s reported 
var ia t ions in the size of mature ova. 
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Fecundity v/as found to vary conciderably frou f ish to 
f i sh . Kikolsicii (1965) a t t r i b u t e d the va r i a t i ons in fecundity 
to conditions of l i f e and environmental condit ions, i'^ecundity 
i s d i rec t ly r e l a t ed to size and v/eight of the f ish and grov/th 
in both dii-iensions i s re la ted to food supply. Therefore, the 
dependency of fecundity on food becomes qui te apparent. Bagenal 
(1957) also came to the same conclusion in Hippo/^lossoides 
•platessoides. 
jj'ocundity vas found to be more closely r e l a t ed to body 
weight and ovary weight than the length of the f i sh . Generally 
a non- l inear re la t ionsh ip between length and fecundity, as in 
the present case, has been reported in a number of f ish species 
( E a i t t , 1933; Iliclclin^;, 1940; Allen, 195i; Simpson, 1951 and 
Bagenal, 1957). On the other hand Lehman (1953) found a l i n e a r 
re la t ionship in American shad as did Bhatnagar ( 1972) in Labeo 
f inbr i a tus . fecundity has often been found to bo re la ted to 
the square of the length (i 'ranz, 1910; Kisse levi tch , 1923; Clark, 
1934). Simpson (1951) found a cube relat ionsl i ip betv;een fecundity 
and length in p l a i ce and t h i s re la t ionsh ip vath s l igh t va r i a t i on 
has been found to bo t rue in many other species ( P i l l a y , 1954; 
Saroj ini , 1957; Jhingran, 1961; Qasim & Qaj^ 'yum, 1963 and Khan, 
1972). The fecundity of 1 . gonius v;as found to vary a t a r a t e 
of 3.6963 power of the length. This s ign i f i e s a high fecundity 
in t i l ls species. 
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Pecundi ty cont inued to i n c r e a s e wi th age eind did no t 
dec l ine i n o l d e r age groups a s was found i n Labeo r o h i t a by 
^Jian (1972) . This appears to be a c h a r a c t e r i s t i c f e a t u r e of 
small and mediun s i zed fisrxes because Qasim & Qayyum (1963) a l s o 
r epo r t ed p o s i t i v e he t e rogon ic grov/th i n t h e o v a r i e s of t h r e e 
f i s h spec ies (0 jh i ce^ha lus p u n c t a t a s , Barbus stiffaa and C a l l i c h r o u s 
b i m a c u l a t u s ) . 
f ecund i ty vjao found to have l i n e a r r e l a t i o n s h i p to body 
weight and ovary weight , a t a power a lmost equal to u n i t y . I n 
o ther \7ords the number of eggs i n the o v a r i e s i n c r e a s e s i n 
p ropo r t i on to t h e f i s h v/eight and gonad weight . 
SUmiAliY 
Sex r a t i o , s i ze and age a t f i r s t m a t u r i t y , ma-turs-tion and 
spav/ning, b reed ing season and fecundi ty of L. .^onius were i n v e s t i -
gated i n the r i v e r I l a l i . 
The o v e r a l l sex r a t i o between males and females was 1:1.86. 
Ha les were dominant i n t h e smo,ller s i z e groups and the feniales 
i n l a r g e r ones . Ha le s matured e a r l i e r than the females , a t a 
l eng th of 170 mm whi le females matured a t 180 mm. Both sexes 
a t t h i s s i z e belonged to 1-f age group. 
Only one s todc of oocytes were p r e s e n t i n the ovary. 
jJach i n d i v i d u a l spavmod only once i n a season which l a s t e d from 
Ju ly to August. 
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The average fecundi ty was 96 ,477 . I t i n c r e a s e d proxDor-
t i o n a t e l y vri.th Toody and gonad v/eight and a t t h e pov/er of 3.6963 
to t h a t of "body l e n g t h . 
S'ig. 55. Percentage of L. i-'^ onius a t each of the five 
stages of matur i ty . 
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i ' ig. 56. Size frequency d i s t r ibu t ion of i n t r a -
ovarian oocytes of L. f;onius from Llarch 
to July. 
Pig. 57. Seasonal va:d.ation in gonad v;eight on 
percentage of body vjeight of L. gonius. 
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j?ig. 58a. Scat ter diagran showing the relationslriip 
between fecundity and length . 
? i g . 581D. llclationaliip between log lengtli and log 
fecundity. 
I?ig. 5S. Scat ter diagram showing the re la t ionship 
between fecundity and body weight. 
? i g . 60. Scat ter diagram sho^ang the re la t ionship 
betv;een fecundity and gonad weight. 
i"i3. 61 . ocnt ter diagram shovdng the re la t ionship 
betv/een fecundity and age. 
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iraiffiSR 0? p-^CEKTAGS OF MALES Ai^ D i'il.IALES IL^  Dlil^EKEifT LIOHTHS 
Llonths 
Get. 
i:ov. 
Dec. 
J a n . 
Feb. 
Ilarch 
Apr i l 
Hay 
J-uno 
Ju ly 
Aug. 
Sept. 
Oct. 
Total 
iro. of 
Ha le s 
8 
4 
20 
4 
20 
4 
8 
12 
20 
4 
8 
4 
8 
124 
Fo. of 
Females 
16 
8 
32 
16 
24 
32 
4 
20 
20 
8 
20 
16 
16 
232 
fo of 
Males 
• 33.3 
33.3 
38.4 
20.0 
45.4 
11.1 
66.6 
37.5 
50.0 
33.3 
28.5 
20:0 
33.3 
34.9 
fo of 
Females 
66 .7 
66.7 
61.6 
80.0 
54.6 
88.9 
33.4 
62.5 
50.0 
66.7 
71.5 
80.0 
66.7 
65.1 
Sex 
Rat io 
i : 2 
i : 2 
i : i . 6 
i : 4 
r-1.2 
1:8 
1:0.5 
1:1.66 
1: 1 
1:2 
1:2.5 
1:4 
1:2 
i : i . 8 6 
TABLE - 48 
i:UI.roER AlTD PERGSI^ TAGE 0? HALES AlTD PHIAISS AT VAZEOUS AGE GROIIPS 
Age 
group s 
I 
I I 
I I I 
IV 
V 
VI 
i:o. of 
IJales 
44 
40 
8 
12 
4 
-
Ro. of 
l*'eniales 
36 
84 
40 
36 
28 
12 
f. of 
Males 
55.0 
32.3 
16.7 
25.0 
12.5 
-
% of 
Females 
45.0 
67.7 
83.3 
75.0 
87.5 
100.0 
Sex 
Hatio 
1:0.82 
1:2.09 
1:5 
i : 3 
i : 7 
0: 1 
Note: Chi-square t e s t r e j e c t s Nulls hypothesis tha t "both 
sexes a re equally d i s t r ibu ted in the population. 
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